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The creation and management of protected areas is our principal approach to conserving 
biodiversity worldwide. Management and governance models for these diverse 
institutions have become more pluralistic in recent decades, moving away from the 
traditional exclusionary protected area model that has proliferated historically. Indeed, 
most new protected areas are being established for ‘multiple-use’ and, therefore, permit a 
range of human livelihood activities to occur within their boundaries. However, we know 
little about how such sites can be effectively managed. 
 
In this thesis, I use an interdisciplinary mixed-methods approach to investigate the 
implementation of new multiple-use protected areas in Madagascar. Madagascar is a 
global conservation priority characterised by high levels of endemism, and has a largely 
forest-dependent biota. Since most of the human population is rural and dependent on 
natural resources for subsistence and income to differing extents, the expanded protected 
area system is managed for both conservation and socioeconomic goals (poverty 
alleviation and development). However, these objectives may be conflicting since human 
resource use can be a significant driver of biodiversity loss. I begin by examining trends 
in new protected area establishment at the nationwide-level to generate insights into 
protected area categorisation, and the role of natural resources and protected areas in 
poverty alleviation. I then consider the impacts of forest use on biodiversity, through a 
literature review and empirical study of bird and reptile communities across a degradation 
gradient. The findings indicate that habitat change arising from forest use may impact the 
high-value, endemic component of the fauna most negatively. In addition, I develop a 
simple index to enumerate the conservation value of different species. This is then used to 
determine how degradation influences the conservation value of exploited habitats, as 
well as assessing if the index is a suitable tool that can be used to prioritise conservation 
investment across a portfolio of sites. Finally, I seek to understand the drivers of natural 
resource use by rural communities within the Ranobe PK32 protected area, and discover 
that both bushmeat hunting and charcoal production are fallback activities or supplements 
to other livelihoods. 
 
The evidence collated in the thesis, derived from both ecological and social perspectives, 
suggests that managing new protected areas in Madagascar for conservation and 
development is overambitious, and that, at least in forest areas, management cannot be 
optimised towards both goals simultaneously. 
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1.1 Research preface 
Mankind dominates Earth’s ecosystems to such an extent that the impacts of human 
agency are the defining characteristic of our geological era, the Anthropocene (Crutzen 
and Steffen 2003). The repercussions of human activities now threaten most of the 
Earth’s species and ecosystems (Ehrlich and Pringle 2008), and have precipitated the 
planet’s sixth mass extinction (Chapin et al. 2000), with current extinction rates 
significantly higher than would be expected from the fossil record (Barnosky et al. 2011). 
The four principal drivers of biodiversity loss are overexploitation, introduced species, 
habitat destruction and co-extinctions (Diamond 1984), of which habitat destruction has 
been identified as the most important (Pimm and Raven 2000). Anthropogenic climate 
change now adds a fifth dimension to the extinction matrix (Thomas et al. 2004). 
 
The continued erosion of species and ecosystems is of concern to mankind because 
biodiversity underpins the provision of critical ecosystem services and generates other 
values (MEA 2005). Consequently, most nations have committed to the conservation and 
sustainable use of biodiversity through the Convention on Biological Diversity (CBD), a 
multilateral treaty. In practice, a diverse suite of actions have been implemented to arrest 
threats and reverse their impacts on species, communities and ecosystems. These include 
both ex situ and in situ approaches. The former concerns the conservation of species away 
from their natural habitat, such as in zoological gardens, aquaria and seed banks (Fa et al. 
2011), while the latter aims to conserve species, communities and ecosystems where they 
naturally occur. Globally, the principal tool for in situ conservation is the establishment 
and management of protected areas, a catch-all term which includes a vast array of 
different institutions with varied aims, rules and management approaches. All, however, 
have the principal objective of conserving biodiversity (Dudley 2008). Protected areas are 
the cornerstone of conservation to such an extent that they represent the world’s largest 
ever planned land use (Chape et al. 2005), covering 12.9 % of the world’s land surface in 
2009 (Bertzky et al. 2012; Jenkins and Joppa 2009). Moreover, signatories to the CBD 
are expected to extend protected area coverage further still, to 17 % of land area by 2020 
(CBD 2010), as well as ensure that they are effectively managed. 
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The overall objective of this thesis is to use Madagascar, a country that is rapidly 
expanding its protected area system in line with its CBD obligations, as a case study to 
examine and explore the establishment and management of new protected area models. 
During my research, I used an interdisciplinary approach to investigate the resource use 
of rural people and the impacts this has had on biodiversity in and around a single 
protected area, in addition to examining management trends at a system-wide level. The 
work is very applied in nature, thus making a contribution to on-the-ground practice and 
the development of protected area theory, policy and research agendas.   
 
1.2 Conservation science: an interdisciplinary field 
Conservation biology emerged as an academic discipline in the 1980s, with the aim of 
advancing the scientific foundations of biodiversity conservation (Meine 2010). Adopting 
the normative position that biodiversity is good and should be preserved (Noss 1999), it is 
a value-laden (Noss 2007), crisis-oriented (Soulé 1985) and problem-solving field, 
defined more by its goal as by the disciplines or subdisciplines of academia that it spans 
(Ehrenfeld 1992). Since the field is pragmatic, concerned with on-the-ground outcomes as 
well as traditional academic outputs and impacts, many conservation researchers operate 
at the “complicated interface of ... science, policy and practice” (Meine et al. 2006). 
 
Emerging from the biological sciences, early conservation biology research primarily 
focussed on biological and ecological phenomena, such as the genetics and demographics 
of small populations, island biogeography and reserve design, the impacts of landscape 
fragmentation, and invasive species (Meine et al. 2006). However, as the field matured it 
became increasingly apparent that most conservation problems resulted from the actions 
of people, and that the solutions must therefore centre on changing human behaviour and 
mitigating its impacts. The purely biological nature of the discipline was recognised as 
inherently limiting (Hilborn and Ludwig 1993), and it thus evolved to embrace additional 
branches of academia, including social sciences as diverse as sociology, anthropology, 
political ecology, economics, psychology and geography (Dailly and Ehrlich 1999; 
Mascia et al. 2003). An understanding of human interactions with the environment is 
essential to identify the underlying drivers of biodiversity loss and implement appropriate 
interventions (Balmford and Cowling 2006; St. John et al. 2013) and governance regimes 
(Agrawal and Ostrom 2006). However, the role of social science in conservation should 




conservation actors, institutions and practices themselves constitute legitimate topics of 
inquiry, an appreciation of which may help to improve the movement’s efficacy and its 
legitimacy in broader society (Brosius 2006; Sandbrook et al. 2013).    
 
Although conservation research is now widely acknowledged as an interdisciplinary 
endeavour, a range of institutional factors hinder its development as an interdisciplinary 
science (Adams 2007; Fox et al. 2006). Nevertheless, given the transdisciplinary nature of 
our environmental crisis, there remains a compelling call for the field to evolve further 
towards true transdisciplinarity (Max-Neef 2005). In this respect, the term conservation 
biology can be considered a misnomer, and alternatives such as ‘conservation science’ 
and ‘biodiversity management’ better reflect the holistic nature of the field (Kareiva and 
Marvier 2012).  
 
Interdisciplinary research is particularly critical when it comes to protected areas, which 
are human constructs designed to change the behaviour of people within a defined 
geographical space. As such, they form part of complex social-ecological systems (Milner
-Gulland 2012; Ostrom 2009), whose management influences (and is influenced by) the 
relationship between local people and natural resources (Geoghegan and Renard 2002; 
West and Brockington 2006). Since protected areas seek to regulate human activities 
within their boundaries, it is critical that their managers understand how and why the 
communities that live in and around them value and use the resources they contain (St. 
John et al. 2013). This is particularly pertinent given that protected area management and 
governance approaches have become increasingly pluralistic and people-centred over 
recent decades. 
 
1.3 Protected areas 
1.3.1 Evolving narratives 
‘Protected areas’ of various forms, such as hunting reserves maintained for the elite or 
sacred/culturally important sites, have existed around the world for centuries (Dudley et 
al. 2009). However, the modern concept of the protected area emerged in the 20th century 
with the notion of setting aside areas of ‘wild’ nature for the conservation of biodiversity 
(Phillips 2004). Based on the belief that the actions and livelihoods of local and 
indigenous peoples were inimical to the conservation of biodiversity (Wells and McShane 
2004), early protected areas sought to separate man from nature. Consequently, they 
generally involved the prohibition of extractive natural resource use (Brockington and 
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Schmidt-Soltau 2004) and, in some cases, the coerced displacement of local communities 
(Adams and Hutton 2007; Brockington and Igoe 2006; Duffy 2010; West et al. 2006). 
  
Conscious of ethical and social justice concerns regarding the negative impacts of 
protected areas on local people (Brechin et al. 2002; Hutton et al.  2005), conservationists 
recognised that the hostility of neighbouring communities to protected areas threatened 
their legitimacy and created a suite of practical problems (Adams and Hulme 2001; 
Brandon and Wells 1992, although see Brockington 2004). The conservation movement 
responded accordingly with a new narrative in the 1970s and 1980s that sought to 
increase the participation of local people in conservation decision-making and improve 
the flow of benefits to them from protected areas (Hulme and Murphree 1999; Roe 2008). 
Based on the premise that protected areas would be strengthened and legitimised by 
achieving conservation and development simultaneously (Berkes 2004), ‘community 
conservation’ was enshrined in policy statements from a range of international congresses 
from the 1980s (Naughton-Treves et al. 2005) and manifested itself in a diversity of 
approaches. These include Integrated Conservation and Development Projects (ICDPs, 
Wells and McShane 2004), Community-Based Natural Resource Management (CBNRM, 
Child and Barnes 2010; Dressler et al. 2010) and, more recently, payment-based 
approaches conditional on the delivery of conservation or environmental services 
(Büscher and Whande 2007; Ferraro and Kiss 2002; Lele et al. 2010). During the 1990s, 
however, a growing body of documentation on the perceived failures of CBNRM and 
ICDPs (e.g. Brown 2003; Newmark and Hough 2000) triggered a ‘back to the barriers’ 
movement advocating a renewed policy focus on strict protected areas (reviewed in 
Hutton et al. 2005; Wilshusen et al. 2002).  
 
While debates between advocates of ‘fortress conservation’ and proponents of community
-centred approaches remained polarised in academic circles, protected area policy has 
continued to progress towards more inclusive models. It is now widely acknowledged that 
protected areas should generate benefits for wider society and that their establishment and 
management should contribute to poverty alleviation and rural development in developing 
countries (Adams et al. 2004; Agrawal and Redford 2006; Kaimowitz and Sheil 2007; 
Redford et al. 2008). These objectives are enshrined in the policy statements of 
institutions such as the Convention on Biological Diversity and the International Union 
for Conservation of Nature (IUCN). The centrally-managed, exclusionary form of 




in 2003 (Dudley et al. 2014; IUCN 2005), and replaced with an emerging paradigm that 
incorporates a plurality of protected area categories and governance modes.  
 
1.3.2 Categorisation and governance 
The broad IUCN description of a protected area - “a clearly defined geographical space, 
recognised, dedicated and managed, through legal or other effective means, to achieve the 
long-term conservation of nature with associated ecosystem services and cultural 
values” (Dudley 2008) – is testament to the sheer variety of different institutions 
established around the world to conserve biodiversity in situ. These sites differ in their 
nomenclature, management objectives, permitted activities and spatial context, hence the 
development of the IUCN categorisation system as a descriptive framework permitting 
the classification and comparison of protected areas within and between national 
portfolios (Dudley 2008).  
 
Since 1994, six main categories have been recognised in the IUCN system, ranging from 
‘strict’ protected areas (generally I-IV) in which human impacts are strictly controlled, to 
‘multiple-use’ sites seeking to maintain harmonious people-nature interactions (V) or 
promote sustainable resource extraction (VI) (Dudley et al. 2010; Table 1.1). Categories 
V and VI, in particular, have attracted debate because of their management emphasis on 
sustainable use. Gaston et al. (2008) state that such areas are “typically of conspicuously 
less value for biodiversity and are not protected areas in the strict sense”, while Locke and 
Dearden (2005) suggest that only categories I-IV should be recognised. The IUCN, 
however, maintain that the categories do not imply a hierarchy in terms of “quality or 
importance” (Dudley 2008). Evidence for the effectiveness of different categories in 
preventing land-cover change is mixed; stricter categories have been found to be more 
effective globally (Joppa and Pfaff 2011; Scharlemann et al. 2010), although evidence 
from Latin America and Asia suggests that this is not always the case (Ferraro et al. 2013; 
Nelson and Chomitz 2009). Regardless of effectiveness, multiple-use categories have 
been increasingly established over the last two decades (Zimmerer et al. 2004), and now 
comprise half the global protected area estate (in terms of area) (Bertzky et al. 2012). This 
trend reflects both evolving conservation paradigms and the lack of remaining large 
‘wilderness’ areas suitable for the creation of some strict categories (Hoekstra et al. 2005; 
Leroux et al. 2010). 
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Diversification in management approaches and categories has paralleled an increasing 
plurality of governance models promoted by the IUCN. Indigenous and community 
conserved areas are now officially endorsed, as well as private protected areas and those 
administered by assorted shared governance arrangements (Borrini-Feyerabend et al. 
2013). Globally, protected area governance shows a trend towards the growing 
participation of non-state actors (Balloffet and Martin 2007; Cobb et al. 2007; Dearden et 





Strictly protected areas set aside to protect biodiversity and also possibly 
geological/geomorphological features, where human visitation, use and impacts 
are strictly controlled and limited to ensure protection of the conservation values. 
Such protected areas can serve as indispensable reference areas for scientific 
research and monitoring. 
Ib: Wilderness 
area 
Usually large unmodified or slightly modified areas, retaining their natural 
character and influence, without permanent or significant human habitation, 
which are protected and managed so as to preserve their natural condition. 
II: National 
park 
Large natural or near natural areas set aside to protect large-scale ecological 
processes, along with the complement of species and ecosystems characteristic of 
the area, which also provide a foundation for environmentally and culturally 
compatible spiritual, scientific, educational, recreational and visitor opportunities. 
III: Natural 
monument 
Set aside to protect a specific natural monument, which can be a landform, sea 
mount, submarine cavern, geological feature such as a cave or even a living 
feature such as an ancient grove. They are generally small protected areas and 





Aim to protect particular species or habitats and management reflects this priority. 
Many category IV protected areas will need regular, active interventions to 
address the requirements of particular species or to maintain habitats but this is 




Where the interaction of people and nature over time has produced an area of 
distinct character, with significant ecological, biological, cultural and scenic 
value, and where safeguarding the integrity of this interaction is vital to protecting 




Conserve ecosystems and habitats, together with associated cultural values and 
traditional natural resource management systems. They are generally large, with 
most of the area in a natural condition, where a proportion is under sustainable 
natural resource management and where low-level non-industrial use of natural 
resources compatible with nature conservation is seen as one of the main aims of 
the area. 
Table 1.1 International Union for Conservation of Nature (IUCN) definitions of 




1.3.3 Coverage and effectiveness 
Traditionally, discussions of protected area effectiveness have centred on two key 
questions (Gaston et al. 2008): i) how effective they are at representing the world’s 
biodiversity; and, ii) how successful they are at buffering the biodiversity they represent 
from processes that threaten their viability. Historically, protected areas have tended to be 
created in regions with little direct competition for land-use (i.e. places of low economic 
value and human population density) (Joppa and Pfaff 2009; Pressey 1994, although see 
Loucks et al. 2008). As a result, not all biomes (Hoekstra et al. 2005), bioregions (Brooks 
et al. 2004) or species (Beresford et al. 2011; Rodrigues et al. 2004a) are equally 
represented within the global portfolio. For example, 12 % of a sample of over 11,000 
species did not occur in protected areas, rising to 20 % for threatened species (which tend 
to have smaller ranges) (Rodrigues et al. 2004a). Gaps in protected coverage are 
disproportionately greatest in the tropics, mountainous areas and on islands (Rodrigues et 
al. 2004b), although existing sites still achieve better species representation than if they 
were evenly distributed across the planet (Rodrigues et al. 2004a). Rich countries tend to 
have a greater amount of land under protection (McDonald and Boucher 2011). 
 
The non-random location of protected areas renders evaluations of their effectiveness 
problematic, since they disproportionally occur on marginal lands which face lower 
overall threat levels and, therefore, require the use of matching or counterfactual 
techniques to control for confounding variables (Andam et al. 2008; Joppa and Pfaff 
2011; Nelson and Chomitz 2011). Most evaluations use land-use change (i.e. 
deforestation) as a proxy for management effectiveness and,  in general, find that 
protected areas experience reduced habitat loss in comparison to unprotected lands (De 
Fries et al. 2005; Joppa and Pfaff 2011; Scharlemann et al. 2010). For example, an 
analysis of Costa Rica’s protected area network showed that 7-9 % of forests designated 
since 1960 would have been deforested by 1997 in the absence of protection (Andam et 
al. 2008). However, some regional and national scale analyses show mixed results; while 
82 % of the 76 studies reviewed by Geldmann et al. (2013) exhibited lower deforestation 
within protected areas, 12 % indicated that habitat loss was higher inside protected areas 
than outside. Moreover, even if protected areas are more effective than leaving land 
unprotected, few are successful at preventing habitat change in absolute terms. Indeed, 
deforestation remains a major problem globally within many protected areas (e.g. Allnutt 
et al. 2013; Gaveau et al. 2007; Leisher et al. 2013; Tang et al. 2010), including some of 
the world’s best known World Heritage sites (Watson et al. 2014). Assessments of 
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protected area effectiveness at the landscape scale are further complicated by the fact that 
their establishment may simply displace destructive land uses elsewhere, a phenomenon 
known as leakage (Ewers and Rodrigues 2008; Kindermann et al. 2008). Deforestation 
rates provide only a coarse measure of protected area effectiveness in conserving 
biodiversity, as they fail to account for changes in habitat quality within remaining 
forests. Such habitat degradation is pervasive and could be more prevalent than outright 
forest clearance (Peres et al. 2006), and may be a particular issue for multiple-use 
protected areas in which extractive activities are permitted (Gardner 2011; Locke and 
Dearden 2005).  
 
While protected areas have been shown to be an effectual approach to conserving 
biodiversity in a range of contexts (Brooks et al. 2009; Coetzee et al. 2014; Geldmann et 
al. 2013; Leverington et al. 2010; Miteva et al. 2012), major gaps in our knowledge 
remain regarding the factors that influence their success (Cabeza 2013; Geldmann et al. 
2013). Most assessments of effectiveness have tended to focus solely on ecological 
criteria, although the breadth of outcomes now expected of protected areas (e.g. 
contributions to equitable governance and poverty alleviation, CBD 2010; IUCN 2005) 
would require multiple dimensions of ‘success’ (e.g. social, economic, attitudinal) to be 
evaluated (J. Brooks et al. 2006; Lele et al. 2010). Such multidisciplinary assessments are 
rare (Hall et al. 2014). It has been reported frequently that protected areas in tropical 
developing countries have exacerbated poverty in local communities through the 
imposition of access restrictions and, in some cases, forced evictions (Adams et al. 2004; 
Brockington et al. 2006). However, evaluating the impact of protected areas on poverty is 
methodologically complex (Andam et al. 2010; Ferraro and Hanauer 2014a; Pullin et al. 
2013; Wilkie et al. 2006), at least in part because the communities surrounding them tend 
to be poorer than the average population (Fisher and Christopher 2007; MEA 2005). 
Lacking access to markets, health and education infrastructure, and development 
assistance, these communities may be caught in a ‘spatial poverty trap’ (Redford et al. 
2008; Scott 2006). Research using matching methods to control for these factors has 
shown that protected areas can actually contribute to poverty alleviation in a range of 
circumstances (Andam et al. 2010; Canavire-Baccareza and Hanauer 2012; Ferraro et al. 
2011). For instance, although communities living around protected areas in Costa Rica 
and Thailand are significantly poorer than the national averages, the existence of 
protected areas has served to lessen their poverty over time (Andam et al. 2010). 




ecosystem service provision, infrastructure development or incomes from tourism, are 
often unclear (Ferraro and Hanauer 2014b) 
 
1.4 Biodiversity and conservation in Madagascar 
1.4.1 A global conservation priority 
Spanning 14 degrees of latitude in the western Indian Ocean, Madagascar is the fourth 
largest island in the world (Fig 1.1). Formerly part of the Gondwana supercontinent, it 
separated from Africa during the middle to late Jurassic (Coffin and Rabinowitz 1987) 
and was isolated from all other landmasses by the late Cretaceous, approximately 88 
million years ago (Storey et al. 1995). As a result of this long isolation, the biota is 
characterised by extensive radiations derived from a small number of founder events 
(Karanth et al. 2005; Yoder et al. 2003) and extremely high rates of endemism at the 
species and higher taxonomic levels. Indeed, 100 % of indigenous non-volant mammals, 
92 % of reptiles, 99 % of amphibians, 52 % of breeding birds and 84 % of plants occur 
nowhere else on Earth (Callmander et al. 2011; Goodman and Benstead 2005). The 
country forms one of 20 global zoogeographical regions, and is ranked second, behind 
Australia, in terms of evolutionary uniqueness (Holt et al. 2013). On the basis of its 
species diversity and endemism, as well as elevated levels of threat, Madagascar is 
recognized as a top global conservation priority (T. Brooks et al. 2006). A megadiversity 
country (Mittermeier et al. 1997) containing five of the Global 200 Ecoregions (Olson 
and Dinerstein 1998), it comprises – along with the other islands of the western Indian 
Ocean – one of 25 global biodiversity hotspots (Myers et al. 2000).  
 
1.4.2 Human impacts: past and present 
Although humans were long thought to have colonised Madagascar only 2500 years ago 
(Crowley 2010), recent findings suggest that some people may have been present at least 
1500 years earlier (Dewar et al. 2013; Gommery et al. 2011). The precise role of people 
in subsequent environmental change has been hotly debated, but their arrival preceded 
both a major faunal extinction event and the massive loss of forest cover (Dewar and 
Richard 2012; Dewar 2014). All endemic species with body mass >10 kg are extinct 
(Burney and MacPhee 1988), as well as numerous smaller species from extant genera 
(Goodman and Jungers 2013). The extinct megafauna included nine genera and 17 
species of lemur (Burney et al. 2004), pygmy hippopotamus, giant tortoises and eight 
species of ratite, amongst them the world’s largest known bird, Aepyornis maximus. All 
but one of these species are known to have persisted into the human period (Burney et al. 
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2004; Crowley 2010), suggesting an anthropogenic trigger for their extinction, although 
the precise mechanisms (e.g. direct predation, habitat transformation through fire and/or 
grazing and Late Holocene aridification) remain unclear (Crowley 2010; Dewar 2014; 
Goodman and Jungers 2013; Virah-Sawmy et al. 2010).  
 
Madagascar’s vegetation history is equally contentious (reviewed in Gade (2008), 
McConnell and Kull (2014a) and Pollini (2010)). Early European botanists (e.g. Humbert 
1927; Perrier de la Bathie 1921) assumed that the island was once entirely forested and 
suggested that the grasslands which now cover most of the country were entirely 
anthropogenic in origin, a narrative which persists to this day (McConnell and Kull 
2014a,b; Scales 2014a). Recent research, however, suggests that climatic change has 
played an important role in shaping vegetation dynamics (Bond et al. 2008; Virah-Sawmy 
2009), and it is now recognised that Madagascar’s vegetation would have comprised a 
mosaic of forest, grassland and shrubland prior to human colonisation (Willis et al. 2008). 
Regardless of the original extent of forest cover, deforestation has been particularly 
severe within contemporary times as almost 40 % of forest area was lost between 1953 
and c. 2000. By the start of the new millennium, no more than 16 % of the island retained 
forest cover (Harper et al. 2007). Deforestation on this scale has had severe impacts on 
Fig 1.1 Location of Madagascar (black shading) in relation to Africa and 




the island’s endemic biodiversity, which is largely forest dependent (Goodman and 
Benstead 2005; Wilmé 1996), and an estimated 9 % of species have been committed to 
extinction by deforestation since 1950 (Allnutt et al. 2008).  
 
Today Madagascar remains one of the poorest countries in the world. It has a 
predominantly rural population (estimated at 70 %; United Nations 2007) that, largely 
lacking industry, infrastructure or access to markets, remains heavily dependent on 
ecosystem goods and services generated by the country’s forests, wetlands and shallow 
seas for both material and cultural wellbeing (Table 1.2). For example, 84 % and 97 % of 
households by Zombitse-Vohibasia and Analavelona protected areas, respectively, are 
dependent on natural resources for their household income and subsistence (Horning 
2003). As a result, rural communities in search of a livelihood remain the principal agents 
of deforestation and forest degradation across the island (Fritz-Vietta et al. 2011), 
although industrial mineral extraction and agricultural ‘land grabs’ represent emerging 
threats (Cardiff and Andriamanalina 2007; Ferguson et al. 2014; Freudenberger 2010).  
 
Deforestation is caused primarily by agricultural expansion using shifting cultivation or 
swidden techniques (Casse et al. 2004; Gorenflo et al. 2011), including tavy (dry rice 
cultivation) in humid eastern regions, and hatsake (primarily maize cultivation) in the dry 
west and south. However, the drivers of agricultural expansion are often complex and 
poorly understood (Scales 2014b). The dynamics of hatsake, for example, are influenced 
by export markets for maize, droughts, migration dynamics and the desire to buy cattle 
for participation in cultural events, amongst other factors (Blanc-Pamard 2004; Casse et 
al. 2004; Minten and Meral 2006; Razanaka et al. 2001; Réau 2002; Scales 2011). In 
addition to stores of potential agricultural land, forests provide a range of resources 
utilised by rural communities, including timber, fuelwood and charcoal, non-timber forest 
products and bushmeat (Fritz-Vietta et al. 2011; Jasper and Gardner 2015; Kiefer et al. 
2010). The most important of these is charcoal, since almost 90 % of people nationwide 
depend on biomass for cooking fuel (Minten et al. 2012). However, relatively little is 
known about the drivers of natural resource use around the country, constituting a major 
knowledge gap which hinders the management of protected areas. 
 
Certain cultural traits shared by the Masikoro, Mahafaly and Tandroy ethnicities of 
southern Madagascar have important repercussions for biodiversity management, 
including a propensity towards migration, the cultural primacy of cattle, and ancestor 
worship. Migration to tany malalaka, (‘land where there is space’, equating to the forest 
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Table 1.2 Examples of the contribution of ecosystem services generated by 
Madagascar’s natural ecosystems to the material and cultural wellbeing of Malagasy 
populations, arranged according to the Millennium Ecosystem Assessment 
framework (MEA 2005). 





Food In the north-west, wild yams (Dioscorea spp.) serve as important 
supplementary food source and ‘safety net’ during times of rice scarcity 
(Ackermann 2004). Seven endemic Dioscorea spp. are harvested in the 
Mikea region, and constitute an important food supplement; yams may also 
be exchanged for fish at weekly markets, and their sale permits families to 
invest in livestock (Cheban et al. 2009). 
    In Ranomafana, harvesting of wild crayfish contributes significantly to the 
local economy and may constitute an important protein source for children 
(Jones et al. 2006). 
    A range of wild vertebrate species are harvested for food throughout 
Madagascar, including amphibians (Jenkins et al. 2009), bats (Cardiff et al. 
2009; Goodman 2006), birds, lemurs, and small mammals (Afrosoricida) 
(Garcia and Goodman 2003; Golden 2009; Goodman and Raselimanana 
2003; Rakotondravony 2006). Bushmeat accounted for 10 % of meat 
consumed in a sample from western Madagascar (Randrianandrianina et al. 
2010). 
    For the Mikea of the southwest, the collection of wild food sources 
(bushmeat, yams, honey) constitutes an important component of diversified 
livelihood strategies (Stiles 1991; Tucker 2006). 
  Fuelwood Over 90 % of Madagascar’s domestic energy is derived from fuelwood and 
charcoal. In cities such as Toliara and Morondava, 100 % of wood-fuel is 
derived from natural forests (Bertrand et al. 2010). 




In the west and north-west, fishing communities use wood collected from 
mangroves for making fish traps and canoes and the construction of houses 
and fences (Rasolofo 1997). Masikoro communities in the southwest use 
forest-derived wood for the construction of homes, fences, tools, coffins and 
ox-carts; the tree Givotia madagascariensis from the same forests is used for 
dugout canoe construction by neighbouring Vezo communities (Rejo-
Fienena 1995). 
  Biochemicals Wild medicinal plants are used in healthcare by rural and urban populations 
throughout Madagascar (Lyon and Hardesty 2005; Norscia and Borbognini-





A sample of 20 protected areas provide hydrological regulation for 430, 000 
ha of irrigated agriculture and drinking water for 17 towns (Carret and Loyer 
2003). More than two thirds of Madagascar’s electricity is generated through 
hydropower, which depends on hydrological regulation services (ADER 
2008). Flood prevention as a result of watershed protection contributes 
significantly to the national economy (Kramer et al. 1997). 
  Pollination In the Androy region, loss of even the smallest forest patches results in loss 





frontier) is a widespread Malagasy response to resource or land scarcity (Keller 2008). 
This phenomenon (Malthusian extensification, as opposed to Boserupian intensification, 
as a reaction to declining resource availability; Bilsborrow (2002)) causes the continual 
expansion of agricultural land at the expense of native forests and undoubtedly underpins 
most of the country’s deforestation (Gorenflo et al. 2011). Furthermore, migrants can 
disrupt the social bonds that support customary management of particular resources 
(Curran 2002; Katz 2000; Ostrom et al. 1999), such as taboos and sacred areas, thus 
triggering the breakdown of common pool resources into open access systems. As a 
result, it has been widely reported that migrant communities may use natural resources 
more destructively than residents, both in Madagascar (e.g. Kaufmann and Tsirahamba 
2006; Réau 2002; Sandy 2006; Watson et al. 2007) and worldwide (Cassels 2005; Codjoe 
and Bilsborrow 2012). 
 
Cattle are central to cultural, spiritual and economic life in southern Madagascar (Evers 
and van der Zwan 1998; Kaufmann 1998), but the relationship between cattle ownership 
and forest cover is extremely complex. On the one hand, herders appreciate forests 
because they provide dry season fodder, shade, and a place to shelter their herds from 
rustlers (Kaufmann and Tsirahamba 2006; Tsirahamba and Kaufmann 2008). However, 
the desire to earn money to enable the purchase of a herd is one of the principal reasons 
Service Service  
sub-type 
Examples 
  Erosion 
prevention 
Following deforestation of the watershed, erosion and subsequent siltation 
had reduced Lac Alaotra to 20 % of its original size by 2000, and caused 
agricultural productivity to decline to 40 % of its previous levels 
(Bakoariniaina et al. 2006). Erosion of agricultural soils is estimated to 
cost 2.5 % of GDP per year (Carret et al. 2010), while sedimentation 
resulting from inland erosion reduces the health and productivity of 
marine ecosystems and economically-important fisheries (Maina et al. 





Forests play an important role in the cultural and spiritual lives of the 
Tandroy in southern Madagascar (Gardner et al. 2008), and are therefore 
maintained through informal prohibitions (faly); forest functions include 
sheltering ancestral tombs (burial forests, ala kibory) and spirits 
(kokolampo) (Tengö et al. 2007). 
  Cultural 
heritage/sense of 
place 
The Vezo culture revolves around the harvest of marine biodiversity 
(Astuti 1995), and is therefore dependent on the functioning and 
productivity of marine ecosystems. The culture of the Mikea is also 
tightly linked to the existence of productive forests (Tucker 2001), while 
Mahafale pastoralists maintain forests as an important component of their 
transhumant pastoralist culture (Kaufmann and Tsirahamba 2006). 
  Recreation and 
ecotourism 
55 % of international visitors come to Madagascar for ecotourism 
(Christie and Crompton 2003); the financial value of ecotourism 
contributed an added value of 400 million US$ to the national economy in 
2008 (Carret et al. 2010). 
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for shifting cultivation (Blanc-Pamard 2004; Fenn and Rebara 2003; Samisoa 2001). 
Moreover, the ritual slaughter of entire herds during the funeral of important elders 
represents an important drain on the region’s financial resources, and may also be a 
significant driver behind deforestation and rural under-development.  
 
1.4.3 Conservation history 
Conservation in Madagascar has, until recently, largely concentrated on forest 
management, and can be historically characterised as a struggle between the state and 
rural peasants for control over shifting cultivation (Raik 2007). The Malagasy state has 
attempted to manage forests since pre-colonial times (Henkels 1999). Repressive forest 
policies were perpetuated during the French colonial era (1896-1961), during which 
period tavy/hatsake and all burning were banned (Raik 2007; Scales 2014c), and 
extensive areas of forest were cleared for timber extraction and state-promoted cash-
cropping (Jarosz 1993, although see Gade 2008 for a critique of this analysis). The 
colonial French also established the country’s first protected areas in 1927. State control 
over forest resources continued post-independence, but was seen as illegitimate by rural 
communities possessing de facto access to forests based on customary and ancestral rights 
(Antona et al. 2004; Henkels 1999). This resulted in an anarchic situation for forest 
management (Bertrand 1999); the government lacked the resources to exert its control 
over forest areas (Kull 2002a), while rural communities lacked incentives to respect or 
submit themselves to the law, so burnt forests as symbolic resistance (Kull 1999, 2002b). 
Forest loss continued unabated (Harper et al. 2007).  
 
Following a period of socialist isolationism post-independence (Brown 2002), bi-lateral 
and multilateral donors (particularly the World Bank) began investing in Madagascar’s 
environment during the 1980s. This led to the development of Africa’s first National 
Environmental Action Plan in 1992 (Kull 1996, 2014; Mercier 2006). Phase I (1992-
1997) of the three-phase plan focused on the creation of protected areas (particularly as 
ICDPs) and a raft of new institutions, including the Association National pour la Gestion 
des Aires Protégées (ANGAP), a parastatal body charged with management of the 
protected area portfolio (Freudenberger 2010; Pollini 2011).  
 
Phase II (1998-2003) marked a major shift in forestry policy, embracing concepts of 
landscape conservation and promoting community-based management of forests outside 




of limited management rights over natural resources from the state to a local community 
association through a time-bound, renewable contract (GoM 1996), and was followed in 
2001 by a streamlined version, GCF (Gestion Contractuel des Forêts), specifically for 
forests (Antona et al. 2004; Bertrand et al. 2014; Raik and Decker 2007). Although 
widely promoted as a conservation tool by government agencies and conservation non-
governmental organisations (NGOs), there is little evidence that these CBNRM contracts 
have been successful either in conserving forests or promoting community development 
(Hockley and Andriamarovololona 2007; Pollini et al. 2014). These failures have been 
attributed to a lack of institutional support and follow-up during the management transfer 
process; imbalances of objectives and inequalities of power between the state and 
signatory communities (Hockley and Andriamarovololona 2007; Pollini and Lassoie 
2011), and; a range of incompatibilities between the processes and principles of CBNRM 
as practiced in Madagascar and the socio-cultural norms of rural communities (Fritz-
Vietta et al. 2011).   
 
1.4.4 The Durban Vision 
In 2003, at the Vth World Parks Congress held in Durban, South Africa, then President of 
the Republic of Madagascar, Marc Ravalomanana, declared his government’s intention to 
triple the coverage of the country’s protected areas from 1.7 to 6 million hectares within 
five years1 (Mittermeier et al. 2005; Norris 2006). Known as the ‘Durban Vision’, this 
ambitious declaration was partly influenced by World Bank analyses demonstrating the 
economic importance of the country’s forests (Carret and Loyer 2003), but was largely 
brought about by the lobbying power of international environmental NGOs and funders 
(Corson 2011, 2014; Duffy 2006; Horning 2008).  
 
Madagascar’s first generation of protected areas, many of which were established during 
the colonial period prior to 1960 (with a subsequent wave of ICDPs created in the early 
1990s; Virah-Sawmy et al. 2014), were largely created in wilderness areas with negligible 
human populations (Ferguson 2010). Prior to 2003, the portfolio comprised 46 sites 
managed by ANGAP, now rebranded Madagascar National Parks (MNP), in some cases 
in partnership with NGOs. With a total area of almost 1.7 million ha the network 
comprised three categories of protected area (Randrianandianina et al. 2003): i) Réserve 
Naturelle Intégrale (Strict Nature Reserve; IUCN category Ia); ii) Parc National 
(National Park; category II); and, iii) Réserve Spéciale (Special Reserve; category IV). 
1The deadline was subsequently extended to 2012.  
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They were established with little regard to the resource requirements of adjacent 
communities (Durbin and Ralambo 1994), as the primary management objective of all 
categories was the conservation of biodiversity, alongside limited research and recreation 
(within categories II and IV). All extractive use of biodiversity, except for scientific 
purposes, was strictly prohibited according to national law (Code des Aires Protégées; 
GoM 2001).  
 
Following the Durban Vision declaration, steering committees were established to advise 
on its implementation, and national-level gap analyses and prioritisation exercises were 
carried out to inform the location of new protected areas (Kremen et al. 2008; 
Rasoavahiny et al. 2008). These analyses, however, focused purely on biodiversity data 
and did not incorporate management-relevant variables such as cost, opportunity or threat 
(Corson 2012, 2014). The steering committees recognised two critical obstacles: i) MNP 
did not have the capacity to oversee the expansion themselves; and ii) the majority of 
priority sites contained significant human populations that largely depend upon natural 
resources for their subsistence and household income (Gardner et al. 2008; Virah-Sawmy 
et al. 2014). The established protected area models of IUCN categories Ia, II and IV were 
therefore seen as inappropriate for the majority of new protected areas and, with the 
support of IUCN consultants (Borrini-Feyerabend and Dudley 2005), the IUCN 
frameworks were used to guide the development of novel categories and governance 
models for the country2. Protected areas legislation was revised to recognise category III, 
V and VI protected areas, as well as to permit non-governmental actors to promote, 
manage and govern protected areas. Most new protected areas are proposed as category V 
and are, or will be, governed under some form of co-management integrating local 
community structures (Ferguson et al. 2014; Raik 2007; Virah-Sawmy et al. 2014). The 
objectives of the new Madagascar Protected Area System (known by its French acronym 
SAPM for Système d’Aires Protégées de Madagascar), which comprises the established 
MNP network, as well as the post-Durban generation of protected areas, are threefold: i) 
to conserve the whole of Madagascar’s unique biodiversity; ii) to conserve Madagascar’s 
cultural heritage; and, iii) to promote sustainable natural resource use for development 
and poverty alleviation (Commission SAPM 2006). Note that due to the political crisis 
2Since the Durban vision was launched at the same Vth World Parks Congress in 2003 that marked the 
transition from old to new protected area models as the dominant paradigm at global policy level (Dudley et 
al. 2014), Madagascar provided an ideal test case for the implementation of new categories and governance 
models. The IUCN were thus heavily involved in the development of domestic policy (Corson 2014). 
Experiences in Madagascar, in turn, strongly influenced the development of subsequent IUCN best practice 




that left the country without a recognised legitimate government between early 2009 and 
2014, the revised Code des Aires Protégées has yet to be ratified and passed into law; all 
proposed category III, V and VI protected areas await this ratification before they can 
gain definitive protected area status (Virah-Sawmy et al. 2014).  
 
Almost a hundred new protected areas had been legally established by 2012, although 
official sources (a SAPM database and a 2010 interministerial decree granting blanket 
temporary protection to an appended list of sites) disagree on the precise number 
(AGRECO 2012) (Fig. 1.2). The establishment and management of these sites pose a 
number of challenges for the Malagasy government and its NGO partners. These include 
the development of robust and equitable governance mechanisms for community- or co-
managed protected areas (Ferguson et al. 2014; Virah-Sawmy et al. 2014), the sustainable 
financing of both individual protected areas and the system as a whole (AGRECO 2012) 
and, most critically, satisfying the needs of multiple stakeholders (Gardner et al. 2013). 
The latter is particularly complex given the high dependence of rural communities living 
in and around protected areas on natural resources, and the fact that most traditional land- 
and resource-use has largely negative impacts on endemic biodiversity (Gardner 2009, 
2011; Irwin et al. 2010). Thus, multiple-use protected areas within SAPM must be 
carefully designed and managed if they are to successfully maintain the viability of their 
constituent habitats and species, while simultaneously satisfying the subsistence and 
development needs of neighbouring populations (Gardner 2009). However, due to the 
time-limited nature of the Durban Vision (“an emergency conservation context”, Marie et 
al. 2009), the promoters of many new protected areas rushed to establish their sites 
without sufficient public consultation (Corson 2012) or, in many cases, a necessary 
understanding of the dynamics of the local social-ecological systems (Gardner 2012). 
This contrasted strongly with science-based approach that underpinned the establishment 
of some ICDPs in the 1990s (Kremen et al. 1999). As a consequence, there remain 
enormous gaps in our knowledge regarding how to reconcile conservation and 
development in the country’s new generation of multiple-use protected areas. 
 
1.5 Study Site 
Southern Madagascar is sub-arid and characterised by a unique vegetation type in which 
over 50 % of plant species are locally endemic (Phillipson 1996). As a result, it has long 
been recognised as a distinct biogeographical unit, although nomenclature and precise 
coverage have varied depending on the criteria used. Recent appellations include ‘West 
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Malagasy deciduous thicket’ (White 1983), ‘Madagascar spiny desert’ (Olson and 
Dinerstein 1998), ‘spiny forest’ (Fenn 2003) and ‘southwestern dry spiny 
forest’ (Goodman and Raherilalao 2013). It is recognised as one of 200 global priority 
ecoregions (Olson and Dinerstein 1998), but was the least represented ecoregion within 
Madagascar’s protected area network prior to 2003 (Fenn 2003; Seddon et al. 2000). In 
addition, the spiny forest suffered the fastest rates of deforestation in the country between 
1990 and 2010 (Harper et al. 2007; ONE et al. 2013).  
 
Ranobe PK32 is a new protected area of 148,554 ha in southwest Madagascar, promoted 
and co-managed by the international NGO WWF (World Wide Fund for Nature) (Virah-
Fig 1.2 Map of Madagascar showing pre-2003 National Parks, Special Reserves and 
Strict Nature Reserves managed by Madagascar National Parks (black polygons), 
new protected areas established by 2010 (dark grey polygons), and the limits of the 





Sawmy et al. 2014). It forms part of the South Mangoky centre of microendemism 
(Wilmé et al. 2006), and has the highest recorded faunal diversity of any protected area 
within the ecoregion (Gardner et al. 2009a,b, Chapter 5). Key species include the long-
tailed ground roller (Uratelornis chimaera) and the sub-desert mesite (Monias benschi), 
two bird species belonging to monospecific genera of endemic families (Raherilalao and 
Goodman 2011; Seddon et al. 2000), both of which are classified as Vulnerable (IUCN 
2011) and have ranges restricted to two protected areas. Other priority species which are 
not known to occur anywhere else include Furcifer belalandaensis, likely to be the 
world’s rarest chameleon (C. Raxworthy pers. comm.), and the narrow-striped boky 
(Mungotictis decemlineata lineata), a mongoose-like carnivore known from only two 
specimens (Goodman et al. 2005; Hawkins et al. 2000) that is in the process of being 
elevated to full specific status (Goodman 2012).  
 
Located within 20 km of the regional capital Toliara, Ranobe PK323 is a category VI 
multiple-use protected area containing five strict conservation areas, equating to 13.5 % 
of its areal extent, with the remainder comprising sustainable use zones (Fig. 1.3). It is 
surrounded by a population of approximately 90,000 people and serves as a regionally 
important source of natural resources for both rural and urban populations (WWF 2010). 
Despite the ecosystem goods and services that can be sustainably generated from the 
protected area’s natural habitats, the biodiversity of the site remains highly threatened by: 
i) shifting cultivation (hatsake); and, ii) selective logging for construction wood and, in 
particular, charcoal production. Indeed, 98 % of households in Toliara use charcoal or 
fuelwood to cook, and 54 % of this urban demand is met by charcoal produced along the 
RN9 road, with a further 8 % derived from the Fiherenana Valley (Partage 2008). In 
addition, rural households harvest fish, crustaceans and aquatic plants from the lakes and 
rivers within Ranobe PK32, and wild yams (Cheban et al. 2009), fruits, medicinal plants, 
construction wood, bushmeat and a range of other products from forests (Chapter 7; C. 
Gardner, unpublished data; Rejo-Fienana 1995; WWF 2010). In addition, forests provide 
fodder for Zebu cattle and serve to shelter them from rustlers (Kaufmann and Tsirahamba 
2006).With the protected area expected to conserve its biodiversity and continue to satisfy 
the needs of a large rural population, its management requires the implementation of 
3Various attributes of the site have changed since the launch of the Ranobe PK32 protected area 
establishment programme in 2006, including its name, size, limits and IUCN category. Since a number of 
chapters in this thesis have been published as journal articles, these facts vary throughout the thesis. For 
instance, Chapter 3 refers to PK32-Ranobe and examines its proposal as a category V site but, subsequently 
(and partially as a direct result of that analysis), the designation was changed to the more appropriate 
category VI.   
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appropriate, evidence-informed strategies. However, little is known about the drivers of 
natural resource use by populations around the protected area or their impacts on 
biodiversity. 
 
1.6 Thesis context and overview 
The rapid expansion of Madagascar’s protected area system has involved the 
implementation of novel management approaches and innovative governance 
arrangements in an effort to meet diverse, and potentially conflicting, ecological and 
social objectives. As such, this ambitious and unprecedented programme presents an ideal 
case study to explore and investigate the real-world establishment of new protected areas 
and contribute to the global knowledge-base on conservation practice and policy. 
Wanting to both contribute to, and learn from, this exciting initiative, my research 
interests and objectives were strongly influenced by three inter-related research agendas: 
i) from a practitioner perspective, to inform and generate a local, context-specific 
Figure 1.3 Map of Ranobe PK32 protected area (dotted line) showing five strict 
conservation zones (grey shading) and features of interest: rivers/wetlands, black 
lines/shading; towns and villages, white squares; Route Nationale 9 (RN9) road, 




evidence base to support the development of management interventions in new protected 
areas (as well as analogous sites worldwide); ii) from a policy-relevant standpoint, to 
explore and learn from experiences in Madagascar, in order to contribute to the 
development of global best practice, and; iii) as an academic, to indentify and articulate 
research priorities to where they are most needed in support of effective protected area 
management.   
 
Conducting research focussed on reconciling conservation and development within new 
protected areas necessitated an interdisciplinary, mixed-methods approach. Thus, this 
thesis incorporates elements of ‘traditional’ ecologically-centred conservation research, in 
addition to both quantitative and qualitative social science. Furthermore, two chapters 
focus on conservation implementation itself as a topic of study. The specific objectives 
are to: 
 
Objective 1: investigate the impacts of natural resource exploitation on biodiversity 
within multiple-use protected areas. 
 
Objective 2: examine the factors influencing the resource needs of local communities 
living adjacent to, or within, multiple-use protected areas, with a view to informing 
appropriate management strategies to mitigate their impacts on biodiversity without 
exacerbating poverty. 
 
Objective 3: use insights from the implementation of the Durban Vision to inform 
conservation theory, policy and research agendas in Madagascar and worldwide. 
 
The thesis is structured as follows: 
 
The first two chapters explore nationwide trends in the management of new protected 
areas, in order to contribute to academic and policy debates about protected area 
categorisation and the role of protected areas in poverty alleviation. In Chapter 2, I use 
three case studies from the marine, freshwater and terrestrial realms to illustrate the 
strategies employed by promoters of new protected areas to simultaneously pursue 
conservation and poverty alleviation goals, and explore the implications for global 
protected area policy. Although all emphasise livelihoods-based approaches to 
management, the case studies differ in focus, either seeking to enhance the management 
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of the natural resource base (in aquatic systems), or decouple its use from development by 
promoting alternatives. Experiences in Madagascar suggest that sustainable natural 
resource use can provide a foundation for poverty alleviation, but that such ‘win-wins’ for 
conservation and development may be more likely with some resources (fisheries) than 
with others (forests). Although little is known about the context and conditions that 
influence the effectiveness of different approaches, managers can collaborate with applied 
ecologists and social scientists to build the evidence base required.   
 
In Chapter 3 I use a decision-tool developed by the IUCN to assess the suitability of the 
IUCN management categories to Madagascar’s new generation of multiple-use protected 
areas. I apply the tool to 10 case study sites proposed or designated as category V, 
representing a range of geographical and ecological contexts, but find them to be 
incompatible with all IUCN protected area categories. Strict protected areas (categories I-
IV) are inappropriate because of the case study sites’ management emphasis on extractive 
natural resource use, while category VI is unsuitable because the sites largely comprise 
cultural landscapes influenced by human action, rather than the natural landscapes 
required. The category V model seeks to maintain biodiverse cultural landscapes and the 
human livelihoods/land-uses that created them, but this differs fundamentally from the 
Malagasy context where managers seek to reduce, transform or mitigate human activities 
because they are overwhelmingly negative for endemic biodiversity. Since the IUCN 
categorisation system does not recognise protected areas of the type that prevail in 
Madagascar’s expanded network, modification will be required to ensure conformity 
between protected area policy and practice.     
 
An important first step in working out how to reconcile conservation and development 
goals within multiple-use protected areas is to understand what effects permitted 
livelihood activities are likely to have on the biodiversity the sites were established to 
conserve. Therefore, in Chapter 4, I carry out a review of the literature on the impacts of 
anthropogenic habitat change on biodiversity in Madagascar, and explore the implications 
of this body of knowledge for the design and management of new protected areas. The 
review demonstrates that habitat change can have positive or negative effects on 
biodiversity, depending on the species, ecosystem and type of modification, but overall 
may trigger turnover from specialists to generalists, and endemic to non-endemic species, 
thus contributing to homogenisation of the island’s biota. Multiple-use protected areas 




impacts. The findings provide insight into: i) the spatial arrangement of strict 
conservation zones within protected areas; ii) the selection of conservation targets; iii) the 
importance of adaptive management in reconciling conservation and development; iv) the 
design of monitoring protocols; v) the evaluation of species viability, and; vi) the 
prioritisation of strict vs. multiple-use protected areas within the national network. 
 
The literature review made it clear that multiple-use protected areas will be more effective 
at conserving some elements of biodiversity than others and, consequently, that some 
species should assume greater importance in conservation decision-making. However, we 
have no simple methods to ‘quantify’ or enumerate the variation in conservation value of 
different species. Such an index would be a helpful tool in understanding the impacts of 
habitat change within protected areas (Chapter 6), and could also be used to prioritise 
between sites. In particular, it could be an improvement on other rudimentary scoring 
systems that are often used by practitioners and decision-makers in site prioritisations. 
Therefore, in Chapter 5, I develop a Conservation Value Index (CVI) in which I assign 
scores to species based on rarity (endemism and representation in protected areas) and 
threat (hunting/collection pressure and degradation tolerance), and test its performance in 
prioritising a portfolio of 22 sites from western and southern Madagascar, based on their 
reptile fauna. I also use three alternative metrics (species richness, an index derived from 
species’ IUCN Red List status and an index based on irreplaceability) to prioritise the 
same portfolio of sites, comparing the results from each to a benchmark produced using 
the gold-standard systematic conservation planning software Zonation. The results 
suggest that, overall, the established generation of MNP-managed strict protected areas 
may be more important than the Durban Vision sites. CVI performs better than other 
metrics in comparison to Zonation, providing evidence that, in situations where a lack of 
capacity or data prevents the use of more sophisticated analyses, simple heuristic 
approaches may provide a useful alternative.    
 
Having found, in Chapter 4, that almost nothing is known about the impacts of habitat 
degradation within the spiny forest ecoregion, I set out in Chapter 6 to investigate how 
bird and reptile communities respond to different intensities of land use, from shifting 
cultivation and charcoal production, within Ranobe PK32 protected area. Since managers 
are particularly interested in rare, threatened and endemic species, rather than widespread 
and common ones, I use the CVI developed in Chapter 5 to generate conservation value 
scores for all species. I then weight species’ CVI scores by their relative abundance at 
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each of three sites across the degradation gradient, using data obtained via pit-fall traps 
and transect-based refuge searches for reptiles and point counts for birds. I find that high-
intensity degradation results in low species richness and conservation value in both 
groups, but that medium-intensity degradation provokes an increase in bird richness. 
However, this masks a turnover from forest specialists to generalists and it is the areas of 
low-intensity degradation that retain the highest conservation value. Multiple-use zones of 
new protected areas may not effectively conserve all of Madagascar’s endemic 
biodiversity, casting doubt on the plausibility of managing the extended network for both 
conservation and social objectives.       
 
In the next two chapters, I use social science methods to investigate the drivers of natural 
resource use within Ranobe PK32 and inform appropriate management strategies. In 
Chapter 7, I employ in-depth, semi-structured interviews with a small number of key 
informants to qualitatively explore the role of hunting and bushmeat consumption in the 
lives of a single rural community. In Chapter 8, I use a questionnaire survey to 
investigate an observed increase in charcoal production across the southwest region of 
Madagascar. The two approaches generate complementary insights into why these 
livelihood activities are practised; hunting is a secondary activity carried out 
opportunistically, while charcoal is predominantly produced as a displacement activity 
when farming, fishing and herding are no longer sufficiently profitable (e.g. as a result of 
reduced irrigation infrastructure and changing rainfall patterns). However, both are also 
carried out when respondents lack money, and to supplement income during the 
agricultural off season. These findings suggest that forest resources comprise a fallback or 
safety net for rural communities, and therefore that access restrictions associated with 
protected area establishment would exacerbate poverty. However, targeted development 
interventions to improve the profitability of non-forest livelihoods, particularly farming, 
may reduce the relative attractiveness of natural resource use and thus help protected area 
managers to achieve conservation goals without exacerbating poverty.  
 
Finally, in Chapter 9, I synthesise the major findings of my research and discuss the 
insights they provide with respect to i) the reconciliation of conservation and 
development in Madagascar’s rapidly expanding protected area system, and ii) the role of 
conservation science in ensuring the successful achievement of these goals. Several lines 
of reasoning suggest that multiple-use protected areas may be unable to simultaneously 




required to optimise management. Maximising the contribution of research will depend 
on promoting further interdisciplinarity and bridging the researcher-practitioner divide by, 
amongst other things, realigning research agendas with the information needs of 
managers. I end by suggesting priority topics for further enquiry.  
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1. Poverty alleviation is increasingly promoted as an objective of protected areas, but the 
literature remains largely theoretical and little is known regarding how it can be achieved 
synergistically with conservation goals. 
2. We use three case studies to illustrate management approaches adopted in 
Madagascar’s new generation of multiple-use protected areas. These differ from strictly 
protected sites by: i) having fewer access restrictions; ii) involving rural communities and 




Protected areas for poverty alleviation 
3. Approaches vary, with managers seeking to improve natural resource use (fisheries) in 
aquatic environments, but reduce forest resource use through the promotion of alternative 
livelihoods. However, the impacts of such interventions are not adequately evaluated. 
4. Synthesis and applications. Protected area managers lack a sufficient evidence-base for 
decision-making. Collaboration with applied researchers is required if protected areas are 
to conserve biodiversity effectively and contribute to poverty alleviation. Managers, in 
turn, must seek to share experiences to develop best practice. 
 
2.1 Moving beyond the ‘conservation-poverty’ debate towards on-the-
ground implementation 
Biodiversity conservation and poverty alleviation are two of the world’s major 
challenges, and the search for synergies in the pursuit of both agendas is enshrined in 
their respective global policy frameworks – the Convention on Biological Diversity and 
the Millennium Development Goals. The ‘conservation-poverty debate’ has featured 
prominently in conservation discourses since the 1980s (Roe 2008), focusing primarily on 
issues such as the impact of conservation activities (particularly protected areas) on 
affected local communities, the role of conservation organisations in poverty alleviation, 
and the complex inter-relationships between biodiversity, ecosystem service provision 
and poverty. Much of the debate, however, has been theoretical in nature, and while it is 
widely acknowledged that conservationists should seek to reduce, or at least not 
aggravate, poverty through their actions, the literature remains sparse when it comes to 
illustrations of how poverty alleviation is pursued successfully in real-world conservation 
management. This comes at a time when there has been a substantive shift towards 
multiple-use protected areas, away from traditional strict reserves (Zimmerer et al. 2004). 
Indeed, 44 % of the world’s protected area estate now comprises IUCN categories V and 
VI, which are characterised by their emphasis on sustainable extractive resource use by 
local communities (Jenkins and Joppa 2009). The paucity of guidelines for protected area 
managers tasked with achieving these twin goals is a manifestation of the researcher-
practitioner divide; a well-known phenomenon to which practitioners contribute by both 
failing to share their experiences in open fora, and being unable to attract applied 
researchers to address knowledge gaps. 
 
Here we present our experiences of actively pursuing biodiversity conservation and 
poverty alleviation in a rapidly expanding protected area system, using three instructive 
case studies. We outline the types of management interventions employed and explore the 
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theoretical implications of our findings. Finally, we discuss priority actions required to 
stimulate and improve collaboration between applied researchers and managers, with the 
aim of instigating evidence-based protected area management. 
 
2.2 Reconciling conservation, natural resource use and poverty 
alleviation in Madagascar’s new multiple-use protected areas 
Improving synergies between conservation and poverty alleviation is particularly 
important in Madagascar because not only is it amongst the world’s poorest countries, it 
is also a leading global conservation priority (Brooks et al. 2006). Since 2003, the country 
has begun to triple the coverage of its protected area system – a process known as the 
Durban Vision. While the nation’s first generation of protected areas, comprising 46 
strictly protected sites (IUCN category Ia, II and IV) managed by the parastatal 
Madagascar National Parks, were principally established for biodiversity conservation, 
scientific research and recreation (Randrianandianina et al. 2003), the objectives of the 
expanded protected area system have been extended to incorporate maintaining the 
country’s cultural heritage and promoting the sustainable use of natural resources for 
poverty alleviation and development. Almost 100 new protected areas have now been 
established within the Durban Vision framework, many in land- and seascapes containing 
large human populations that are heavily dependent on natural resources for subsistence 
and generating household income. Recognising this reliance, most new protected areas 
are designated as IUCN category V and VI multiple-use sites, in which sustainable 
extraction (of, for example, fuel and construction wood, non-timber forest products and 
bushmeat) is permitted according to a zoning plan, and are co-managed via agreements 
between NGOs and local community structures (Gardner 2011). 
 
Protected areas with multiple objectives pose a huge challenge for site managers, who 
need to account for the interests of local communities by facilitating rural development 
and poverty alleviation, whilst ensuring the viability of fragile ecosystems and species. 
Working towards such goals has necessitated the development of new models of 
protected area management. Building on approaches such as integrated conservation-
development projects and community-based natural resource management, the 
management of Madagascar’s new generation of protected areas differs markedly from 
that of the state-managed network of strictly-protected sites. The major differences 
include: i) fewer access restrictions, as illustrated by the shift from strict to multiple-use 
protected area categories; ii) greater community participation in protected area 
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governance, through the establishment of co-management structures and the 
empowerment of local users’ associations; iii) an increased focus on community 
development activities within protected area management plans; iv) a new emphasis on 
the evaluation and mitigation of negative social impacts of protected area creation, with a 
novel (for Madagascar) legal requirement to develop a social safeguards plan, and; v) 
greater involvement with a diverse array of stakeholders across larger spatial scales, such 
as regional authorities and the private sector. The following three brief case studies (Fig. 
2.1; Table 2.1), from the terrestrial, freshwater and marine realms, help illustrate the 
range of management approaches adopted within Madagascar’s new generation of 
protected areas. All of them are designated as IUCN category V, defined as “a protected 
area where the interaction of people and nature over time has produced an area of distinct 
character with significant ecological, biological, cultural and scenic value: and where 
safeguarding the integrity of this interaction is vital to protecting and sustaining the area 
and its associated nature conservation and other values”.  
 
Figure 2.1 Location of the case study multiple-use protected areas in Madagascar. 
Inset indicates the position of Madagascar in relation to Africa. 
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2.2.1 Anjozorobe-Angavo and Loky-Manambato 
The ethos in these two protected areas, which are co-managed by the Malagasy NGO 
Fanamby and local community institutions, is centred on engendering innovative 
partnerships between communities and the private sector in order to promote development 
and reduce pressures on biodiversity. At Anjozorobe-Angavo, Fanamby have created 
Saha Forest Lodge, which is run by a professional tourism operator under an agreement 
with the neighbouring village. The terms of the relationship set out a land rental contract, 
as well as mutually determined local employment and market gardening production 
quotas for the hotel. At both sites, Fanamby have been exploring other entrepreneurial 
opportunities through organic and fair trade certification, having created a commercial 
Table 2.1 Characteristics of the case study multiple-use protected areas in 
Madagascar. % Pop. = percentage of population benefiting from conservation-
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Area (ha) 52,200 250,000 62,745 67,782 
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% Pop.  20 64 75 71 
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venture, Sahanala, to broker markets and provide technical support to producers. Starting 
with ginger and red rice from Anjozorobe-Angavo and vanilla from Loky-Manambato, 
the enterprise has since expanded into producing essential oils and additional high value 
crops adapted to local growing conditions and community interests. In 2010, a deal was 
negotiated with Air Madagascar to provide passengers with organic-labelled cashew nuts 
grown by producer cooperatives associated with Loky-Manambato.  
 
2.2.2 Tsimembo-Manambolomaty 
This wetland and dry forest complex is co-managed by The Peregrine Fund (TPF) and 
local communities, with a focus on empowering traditional users to manage their 
resources more sustainably. Historically, the fishing season and permitted activities have 
been decided by a tompondrano, a local keeper of the lakes, which helped to maintain 
healthy fish stocks and protect the surrounding forests. An influx of migrants during the 
1990s, however, resulted in the abuse of traditional rules and lead to overfishing and 
forest degradation that threatened local livelihoods (Watson and Rabarisoa 2000). 
Seeking to reinvigorate traditional practices and strengthen the capacity and power of 
resident communities to manage their resources, TPF and regional ministry 
representatives initiated the legal transfer of management rights from the state to two 
community users’ associations, which formalised the traditional rules that existed prior to 
the influx of migrants. This provided the communities the legal power to ensure respect 
for their customs, which are vigorously enforced through the payment of fines in the 
traditional form (the payment of zebu cattle and rum). 
 
The re-establishment of traditional fishing rules at Manambolomaty, such as restrictions 
on fishing within spawning grounds and respecting the fishing season defined by the 
tompondrano, is believed to have stabilised lake fish stocks. Total annual revenues from 
fishing, based on market prices for dried fish, were estimated at US$ 1,562/fisher/year in 
1995, approximately 750 % of mean national income at the time (Watson and Rabarisoa 
2000). Sales of fish to wholesale buyers are taxed by the site’s two communes and 
represent an estimated 56 % of revenue (Rabearivony et al. 2008). Local incomes from 
fishing are thought to have increased as a result of community-management: although 
little is known about the distribution of such income within the community, its impact is 
illustrated by the growth of commercial activity in the village of Soatana between 2000 
and 2004, during which time the number of small groceries in the village grew from one 
to seven. Both community management associations possess bank accounts in which 
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income from fines, the sale of fishing and trading permits, and association membership is 
deposited. In turn, this finance is used to buy rice for subsidised resale to association 




Velondriake is now one of the largest community-managed marine protected areas in the 
Indian Ocean, but grew from a single trial closure of the local economically important 
octopus (Octopus cyanea) fishery in 2004. The perceived success of the initial closure led 
23 neighbouring villages to participate in the model, followed in 2006 by the creation of 
the formal Velondriake Management Association to govern closures (Harris 2007). The 
model has since spread across the nation and region. Temporary closures capitalise on the 
rapid growth of octopus and broad participation in the fishery: they are coordinated across 
the protected area, and a partnership with a seafood export company provides a 
guaranteed buyer when closures are opened. Preliminary evaluation of the closures over 
the past eight years indicate that catch per unit effort (CPUE) effects are significant and 
that most village’s ‘investment’ (in terms of foregone catch during the closures) is 
recouped within a short period after re-opening if the closures are well-managed (K. 
Oleson, unpublished data). Additional management zones created following the success 
of the octopus management include permanent reef reserves closed to all fishing, 
temporary mangrove reserves, and areas for the development of aquaculture (sea 
cucumbers and algae) and ecotourism, while the protected area’s managers have also 
implemented social programmes including education and population, health and 
environment outreach. 
 
2.3 Generic lessons to be learnt from the Malagasy case studies 
The case study protected areas share a number of characteristics. They are all: i) managed 
for multiple uses, so natural resource extraction is therefore permitted over much of their 
spatial extent; ii) either managed or co-managed by local communities and an NGO, and; 
iii) support initiatives with the aim of improving livelihoods through the legal or technical 
empowerment of local resource users. Where they differ is the way in which biodiversity 
is exploited in order to support local economic growth: the management of Tsimembo-
Manambolomaty is concerned with enhancing the productivity and sustainability of an 
economically-important natural resource base, while within Anjozorobe-Angavo and 
Loky-Manambato the emphasis is on reducing local dependence on natural resources 
57 
Chapter 2 
Protected areas for poverty alleviation 
through the development of alternative income sources. Velondriake, meanwhile, 
employs both approaches, improving the management of the octopus fishery while 
instigating alternative livelihoods to lessen reliance on it and other fisheries resources. 
Notably, two of the case studies involve partnerships with the private sector aimed at 
adding value to local production. 
 
Experiences from Madagascar’s new generation of protected areas can feed into, and 
inform, the long-standing debates around the role of sustainable natural resource use in 
both poverty alleviation and conservation. While advocates believe that it can generate 
positive incentives for conservation among local communities (Rosser and Leader-
Williams 2010), a dependence on economically-marginal natural resources may form a 
‘poverty trap’, preventing users from escaping hardship (Angelsen and Wunder 2003). 
Indeed, Sayer (2009) suggests that significant improvements in livelihoods tend to stem 
only from new opportunities generated by external investments, markets and new 
infrastructure, rather than marginal improvements to existing livelihoods, and that “one 
should not focus on what the poor are doing now but on what they might do in the future 
in growing economies”. While they may not provide a basis for development, however, it 
is clear that natural resources provide a critical safety net preventing many rural 
communities from slipping further into destitution (Kaimowitz and Sheil 2007). 
 
For managers of these new, multiple-use protected areas seeking to reconcile 
conservation with the needs of local populations, the choice of which development 
alternatives to promote is, of course, context specific. It is noteworthy that, among our 
case studies, improved management of natural resources has been the objective within 
aquatic ecosystems, whereas the target in terrestrial protected areas has been to diminish 
people’s use of the forest. Freshwater and marine resources are generally more rapidly 
renewable than trees and, critically, aquatic ecosystems cannot be “owned” and converted 
into productive anthropogenic systems as easily as terrestrial areas can. While the 
interests of users and conservationists can be closely aligned in aquatic environments – 
both benefit from healthy, productive ecosystems – this may be harder to achieve in 
forests. 
 
If, in many tropical terrestrial environments, the use of natural resources from functioning 
ecosystems cannot lift people out of poverty yet acts as a critical safety net, then how can 
biodiversity conservation contribute meaningfully to poverty alleviation? Historically, 
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traditional land use in Madagascar has been a hotly debated, but significant, driver of both 
massive deforestation and the extinction of the endemic megafauna (Dewar and Richard 
2012). This has occurred without lifting rural people out of poverty, and the island 
remains one of the poorest nations in the world. If the country’s natural capital is being 
depleted without an accompanying reduction in the destitution experienced by the 
population, it follows that it must be replaced with alternative forms of capital if poverty 
alleviation is to be achieved successfully. Boserup’s (1965) theory of agricultural 
development suggests a mechanism – induced innovation – for how the required changes 
may occur. The basic premise is that the availability of natural resources permitting a 
subsistence lifestyle hinders technical advancement or intensification, but, that their 
absence provokes the innovation required for economic development. We believe that the 
evolution of land use systems will occur in any scenario; when resources run out and 
users must innovate in response, or if the global community, particularly the conservation 
movement, is prepared to provide financial and technological expertise to support the 
transition before they do so. Nonetheless, development strategies alone are insufficient 
because beneficiaries may invest their increased wealth in the continued unsustainable 
over-exploitation of ecosystems. Therefore poverty alleviation actions must be 
accompanied by robust rules, including access restrictions, if protected areas are to 
contribute to both conservation and development goals. Any legitimate losses or 
opportunity costs incurred as a result of such actions, however, must be fully and fairly 
compensated, and the critical importance of natural resources to rural populations as a 
safety net in times of hardship must be recognised. It is anticipated that the multiple-use 
nature of Madagascar’s new generation of protected areas will allow them serve as safety 
nets as required, while more sustainable and productive forms of resource use are 
stimulated and bought to fruition. 
 
Our first-hand experience in the establishment and management of multiple-use protected 
areas in Madagascar highlights the need for increased alignment with the applied research 
community if the combined pursuit of conservation and poverty alleviation is to have a 
solid foundation in evidence. The paucity of empirical quantitative and qualitative data 
presented in the case studies, even after ten years of the Durban Vision, draws attention to 
a glaring weakness of these new protected area initiatives: they do not sufficiently 
monitor their ecological, cultural and socio-economic impacts, either in the short- or long-
term. If we fail to evaluate the outcomes of our actions, then we will not be able to 
maximise their effectiveness in terms of conserving biodiversity or alleviating poverty, or 
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optimise our interventions through an adaptive management cycle. However, the design 
and implementation of robust monitoring programmes requires applied research capacity 
that may not be available to managers. 
 
There is a clear need to improve the contribution of conservation science to the practice of 
protected area management since, while much research takes place within protected areas, 
the majority is of limited practical value in real world contexts. Given that protected areas 
are the predominant conservation strategy worldwide, it is amazing how little we know 
about how to manage them realistically. As our case studies have illustrated, approaches 
may focus on enhancing the management of the natural resource base, or attempting to 
decouple its use from development, but we know little about what works in which 
contexts. Local, rather than larger scale, analyses are desperately needed to inform 
decision-making, with more scientists adopting an applied ‘problem-solving’ angle to 
their work. This can only be achieved by actively engaging with protected area managers 
in order to identify and implement appropriate research agendas; academic institutions, 
publishers and funders all have a role to play in changing the incentive structure to 
encourage them to do so (Gibbons et al. 2011). 
 
Protected area managers spend their time putting out fires, literally or figuratively, and 
have restricted time to peruse the academic literature for solutions to their challenges 
(Pullin et al. 2004). If we are to build a strong evidence base for protected area 
management and develop best practice, we must encourage practitioners to share their 
experiences, particularly their mistakes, be it through journal publications or other social 
learning fora. Currently, this is hampered both by institutional disincentives (practitioners 
are rarely rewarded for publication) and the priorities of academic journals, which favour 
“blue-skies” research over local case studies (Hulme 2011). However, the recent creation 
of fora such as Conservation Evidence and the Practitioner’s Perspective rubric in the 
Journal of Applied Ecology testify that this need is increasingly being recognised. 
 
As conservationists from ecological backgrounds, we also need to improve our ability to 
dialogue with local communities (Sayer 2009) to ensure that our strategies are as 
appropriate as possible. In this respect we need greater constructive collaboration with 
social scientists, particularly our critics, and to systematically make use of their tools and 
approaches in the planning of protected area management. While the Velondriake and 
Tsimembo-Manambolomaty case studies have demonstrated potential win-win scenarios 
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for poverty alleviation and conservation, it is clear that the interests of conservationists 
and resource users will not be the same in general, and that trade-offs will be the norm. In 
such cases, explicit, participatory mechanisms through which both sides can debate their 
case and reach a resolution must be instigated (McShane et al. 2010). However, these 
honest negotiations must be informed by sound information regarding the likely 
ecological and social impacts of the management options being explored, in turn requiring 
the implementation of targeted applied research programmes. As Brockington et al. 
(2006) state, “the ultimate challenge facing conservationists today is not only to reconcile 
errors of the past but also to determine how to shape human interactions with nature in 
landscapes of which people are a part”. The increased engagement of the applied research 
community in protected area management is critical if this challenge is to be met, both in 
Madagascar and globally. 
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Abstract 
The IUCN protected area management category system provides an internationally-
recognised, unifying framework for the description and classification of the world’s 
diverse protected areas. It includes six main categories, of which category V has attracted 
debate because of its emphasis on the role of harmonious people-nature interactions in 
maintaining biodiversity within cultural landscapes. Madagascar’s new generation of 
protected areas comprises sites mainly proposed as category V, with the joint 
management objectives of biodiversity conservation and the promotion of natural 
resource use for rural development. Here, I use a classification decision tool to investigate 
the categorisation of 10 new protected areas proposed as category V, and find that these 
sites fail to meet the criteria for any of the management classes. I suggest that category V 
is inappropriate for these new protected areas because their associated people-nature 
interactions are largely negative for biodiversity. I further argue that management of these 
new protected areas differs fundamentally from management of category V protected 
areas in Europe, and recommend the modification of the management category system to 
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3.1 Introduction 
Protected areas form the central pillar of conservation strategies worldwide and covered 
at least 12.9 % of the world’s land surface by 2009 (Jenkins and Joppa 2009). These areas 
are highly diverse in terms of their nomenclature, scale, spatial context, governance 
models, management objectives and approaches, and great variation therefore exists in 
protected areas both within and between countries. Attempts to apply a descriptive 
framework to this array of approaches date back to 1933 (Phillips 2004) and culminated 
in the Guidelines for Protected Area Management Categories (IUCN 1994). Revised and 
updated in 2008 (Dudley 2008a), the International Union for Conservation of Nature 
(IUCN) category system is now recognised by governments (Dillon 2004) and 
conservation institutions as a unifying framework for the description, definition and 
comparison of the world’s protected areas, and its use in endorsed and encouraged by the 
Programme of Work on Protected Areas of the Convention on Biological Diversity 
(SCBD 2004). The system classifies protected areas into six main categories (Dudley 
2008a; Dudley et al. 2010), based on their primary management objective (Table 3.1). 
 
Of the six possible designations within the IUCN system, it is category V that has 
attracted much attention and debate (Locke and Dearden 2005; Mallarach et al. 2008; 
Martino 2005). The establishment of the World Commission on Protected Areas Category 
V Task Force, and the publication of a number of outputs intended to clarify and promote 
the approach, are testament to this controversy. Uniquely, category V focuses specifically 
on areas in which there has been a historical interaction between people and nature 
(Phillips 2002), which has produced the landscape characteristics that are the objects of 
the conservation intervention. The primary objective is to “protect and sustain important 
landscapes/seascapes and the associated nature conservation and other values created by 
interactions with humans through traditional management practices”. Contrary to other 
categories, where the emphasis in management is placed on protecting what is seen as 
natural, category V “puts people at the heart of the operation - and indeed requires them 
to be there” (Phillips 2002, p. 5). This idea is further developed in the IUCN guidelines 
(Dudley 2008a, p. 21). Among the distinguishing features listed for category V “a 
balanced interaction between people and nature that has endured over time and still has 
integrity” is stated as an essential characteristic. The core management philosophy 




Protected area categories 
The protected landscapes approach has been better established in Europe than elsewhere 
because of the continent’s long history of settlement, the lack of remaining large natural 
areas, and the existence of many cultural landscapes with significant natural values 
(Phillips 2002). As a category that reflects the increasingly dominant conservation 
paradigm (Büscher and Whande 2007) of integrating local people into conservation 
initiatives and encouraging sustainable use rather than strict preservation (Locke and 
Category Definition 
Ia: Strict nature 
reserve 
Strictly protected areas set aside to protect biodiversity and also possibly 
geological/geomorphological features, where human visitation, use and 
impacts are strictly controlled and limited to ensure protection of the 
conservation values. Such protected areas can serve as indispensable 
reference areas for scientific research and monitoring. 
Ib: Wilderness area Usually large unmodified or slightly modified areas, retaining their natural 
character and influence, without permanent or significant human habitation, 
which are protected and managed so as to preserve their natural condition. 
II: National park Large natural or near natural areas set aside to protect large-scale ecological 
processes, along with the complement of species and ecosystems 
characteristic of the area, which also provide a foundation for 
environmentally and culturally compatible spiritual, scientific, educational, 
recreational and visitor opportunities. 
III: Natural 
monument 
Set aside to protect a specific natural monument, which can be a landform, 
sea mount, submarine cavern, geological feature such as a cave or even a 
living feature such as an ancient grove. They are generally small protected 
areas and often have high visitor value. 
IV: Species/habitat  
management area 
Aim to protect particular species or habitats and management reflects this 
priority. Many category IV protected areas will need regular, active 
interventions to address the requirements of particular species or to maintain 
habitats but this is not a requirement of the category. 
V: Protected 
landscape/seascape 
Where the interaction of people and nature over time has produced an area 
of distinct character, with significant ecological, biological, cultural and 
scenic value, and where safeguarding the integrity of this interaction is vital 
to protecting and sustaining the area and its associated nature conservation 
and other values. 
VI: Sustainable use 
area 
Conserve ecosystems and habitats, together with associated cultural values 
and traditional natural resource management systems. They are generally 
large, with most of the area in a natural condition, where a proportion is 
under sustainable natural resource management and where low-level non-
industrial use of natural resources compatible with nature conservation is 
seen as one of the main aims of the area. 
Table 3.1 International Union for Conservation of Nature (IUCN) definitions of 
protected area categories (Dudley 2008a). 
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Dearden 2005; Naughton-Treves et al. 2005; Wells and McShane 2004), the category V 
model is seen as “an approach whose time has come” (Phillips 2002, p. 13), and its 
application and management principles have been strongly promoted for adoption 
globally. To some extent, this mirrors the fact that most large wilderness or natural areas 
have already been incorporated into protected areas (Leroux et al. 2010), and the 
remaining landscapes available for new protected area creation often include substantial 
human populations whose needs must be incorporated into appropriate management 
objectives (Hutton and Leader-Williams 2003; Mallarach et al. 2008). 
 
Here I seek to contribute to the process of reviewing the IUCN category system 
(recommended by Dudley et al. (2004, 2010) to ensure that protected areas can adapt and 
respond to global challenges) by examining the application of the designations within the 
context of Madagascar’s rapidly expanding protected area system. I first provide a brief 
history of protected areas in Madagascar, before using a categorisation decision-making 
tool to explore the suitability of each management category for 10 case study sites of new, 
multiple-use protected areas. Finally, I discuss the applicability of the existing category V 
model to new protected areas in Madagascar and provide recommendations for the 
modification of the IUCN system to ensure that protected areas of this type are adequately 
represented. 
 
3.2 The Madagascar protected area system 
Madagascar is considered a top conservation priority, harbouring high levels of endemism 
at species and higher taxonomic levels (Myers et al. 2000). Prior to 2003 Madagascar’s 
protected area network consisted of 46 areas managed by the parastatal Madagascar 
National Parks (MNP, previously ANGAP), in some cases in partnership with NGOs. 
With a total area of almost 1.7 million ha the network comprised three categories of 
protected area (Randrianandianina et al. 2003): (i) Réserve Naturelle Intégrale (Strict 
Nature Reserve; IUCN category Ia); (ii) Parc National (National Park; category II), and; 
(iii) Réserve Spéciale (Special Reserve; category IV). These areas were established with 
little regard to the resource requirements of adjacent communities (Durbin and Ralambo 
1994), as their primary management objective was the conservation of biodiversity, 
alongside limited research and recreation (within categories II and IV); all extractive use 
of natural resources was strictly prohibited according to national law (Code des Aires 
Protégées; GoM 2001). At the 2003 Vth World Parks Congress, the government of 
Madagascar declared its intention to increase the nation’s protected area coverage to  
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6 million ha (the Durban Vision; Ravalomanana, 2003). The goals of the new Madagascar 
Protected Area System (SAPM), which comprises the established MNP network as well 
as the post-Durban generation of new protected areas, are threefold: (i) to conserve the 
whole of Madagascar’s unique biodiversity; (ii) to conserve Madagascar’s cultural 
heritage, and; (iii) to promote sustainable natural resource use for development and 
poverty alleviation (Commission SAPM 2006). 
 
Steering committees established to advise on the implementation of the Durban Vision 
recognised that few isolated natural habitats remained and that substantial human 
populations depended upon most remaining natural areas for their subsistence and 
household income (Gardner et al. 2008). The established protected area models of 
categories Ia, II and IV were therefore seen as inappropriate for the majority of new 
protected areas and, with the support of IUCN consultants (Borrini-Feyerabend and 
Dudley 2005), the IUCN category system was used to guide the development of new 
categories and governance structures for the country (although these were adapted to the 
Malagasy context). Madagascar’s protected areas legislation was revised to recognise 
category III, V and VI protected areas within SAPM, as well as to permit non-state bodies 
to promote, manage and govern new protected areas. Indeed, most new protected areas 
are proposed as category V and are, or will be, governed under some form of co-
management (Raik 2007). Note that due to the political crisis that has left the country 
without a recognised legitimate government since early 2009, the revised Code des Aires 
Protégées has yet to be ratified and passed into law; all proposed category III, V and VI 
protected areas await this ratification before they can gain definitive protected area status 
(N. Ratsifandrihamanana pers. comm.) 
 
3.3 Methods 
Ten newly-established or proposed category V protected areas in Madagascar were 
identified for inclusion in this study, based on there being sufficient information available 
to permit analysis (Table 3.2, Fig. 3.1). The case study sites span marine, freshwater and 
terrestrial realms, and include all major terrestrial habitat types (humid, dry-deciduous 
and spiny forests) represented within Madagascar’s new category V protected areas. I 
then applied Dudley’s (2008b) categorisation decision-tool to assess the applicability of 
each management category to each protected area. This decision-tool was included in the 
final draft (Dudley 2008b) but not in the published guidelines (Dudley 2008a) because it 
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had not been sufficiently tested (N. Dudley pers. comm.). Nevertheless, it remains the 
only available tool with which to objectively deliberate categorisation decision-making.  
 
The tool presents a range of protected area characteristics (‘key issues’) and a series of 
states for each characteristic (‘questions’) (Table 3.3). For each key issue, managers are 
asked to select the question(s) that most accurately describes the state of each 
characteristic for the protected area under scrutiny. The decision-tool contains an internal 
scoring system that assesses the compatibility of each characteristic-state with every 
protected area category as either ‘particularly compatible’ (assigned a value of 1), ‘not 
incompatible’ (assigned 0), ‘tends to be incompatible’ and ‘never normally suitable’ (both 
assigned -1). Assigning these values allows the suitability of each protected area category 
Figure 3.1 Map of Madagascar showing the 10 case study International Union for 
Conservation of Nature (IUCN) category V protected areas used to evaluate the suit-
ability of IUCN protected area management category classifications to Madagascar’s 
new generation of multiple-use protected areas. The inset shows the location of 
Madagascar relative to Africa. 
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to be evaluated on the basis of the cumulative score for a particular site, with high 
positive scores indicating greater suitability. For this analysis, I completed the decision-
tool questionnaire for each case study protected area on the basis of available information 
in the peer-reviewed and grey literature, and validated the accuracy of the outcome by 
asking experts with relevant management experience of each site to verify that the 
selected statements reflected on-the-ground reality. Finally, I used the decision-tool 
results to highlight two principal characteristics relevant to management, common to all 
sites, which influence categorisation decision-making. 
 
3.4 Results 
The cumulative scores for each of the 10 case study sites demonstrate the substantial 
variation in the suitability of each IUCN management category (Table 3.4). For all but 
one site, the scoring system indicates that category V is the most suitable designation. 
Closer analysis, however, reveals incompatibilities between the case study protected areas 
and each of the IUCN management categories (Table 3.5). Principally, the traditional 
Protected area Principal 
ecosystems 




Amoron’i Onilahy Spiny forest 163,000 V (including category 
III zones) 
Temporary 
Anjozorobe-Angavo Humid forest 52,200 V Temporary 
Ankodida Spiny and 
transitional  
forest 
10,744 V (including category 
III zones) 
Temporary 
Bombetoka Freshwater wetlands,  
mangroves, dry 
forest 
46,000 V Temporary 
Lac Alaotra Freshwater wetlands 42,478 V Temporary 
Loky-Manambato Transitional humid/
dry forest 
70,837 V Temporary 
Menabe Antimena Dry forest, 
mangroves 
125,000 V (including category 
III zones) 
Temporary 
Montagne des  
Français 
Dry forest 6,092 V Temporary 
PK32-Ranobe Spiny forest, 
freshwater wetlands 
151,000 V Temporary 
Velondriake Marine and coastal c. 80,000 V (including zones of 
multiple categories) 
Proposed 
Table 3.2 Summary of the 10 case study International Union for Conservation of 
Nature (IUCN) category V protected areas used to evaluate the suitability of IUCN 
protected area management category classifications to Madagascar’s new generation 
of multiple-use protected areas. 
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Protected area categories 
human occupancy and management emphasis on sustainable resource extraction renders 
each of the protected areas unsuitable for designation as categories I, II or III, and their 
focus on landscapes rather than specific habitats or species requiring management is 
mismatched with category IV. The two highest-scoring categories, V and VI, have 
objectives that are congruent with large-scale natural resource use, but there are two 
particular protected area attributes, naturalness and people-nature interactions, that are 
critical to the designation of these two categories.  
 
3.4.1 Naturalness 
The key difference between categories V and VI concerns the degree of human 
modification of the landscape. Category V is suited to cultural landscapes shaped by 
human influence over time, whereas category VI guidelines suggest that two-thirds of a 
Table 3.4: Results of categorisation decision-tool analyses for new protected areas in 
Madagascar, showing cumulative scores by International Union for Conservation of 
Nature (IUCN) management category. High, positive scores indicate that a category 
is suitable for that protected area. 
IUCN category 
Ia II III IV V VI 
Amoron’i Onilahy -3 3 1 -1 3 1 
Anjozorobe-Angavo -4 4 4 1 4 5 
Ankodida -3 -1 3 0 3 2 
Bombetoka -2 3 0 1 4 2 
Lac Alaotra -4 2 3 0 3 2 
Loky-Manambato -4 0 1 0 5 3 
Menabe Antimena -3 1 1 -1 3 2 
Montagne des Français  -3 1 2 1 5 2 
PK32-Ranobe -3 2 1 0 4 2 
Velondriake -4 2 2 2 8 3 
Mean -3.3 1.7 1.8 0.3 4.2 2.4 
Protected area  
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protected area should be composed of natural or unmodified areas (defined as “those that 
still retain a complete or almost complete complement of species native to the area, within 
a more-or-less naturally functioning ecosystem”; Dudley 2008a, p. 12). The seven 
terrestrial case study protected areas all fail to meet this criterion, having significant areas 
of deforested land and little undegraded forest within their boundaries. Indeed, for PK32-
Ranobe, Amoron’i Onilahy and Ankodida, the limits of the protected areas include 
deliberate, and significant, areas of deforested land to permit development interventions 
within buffer zones of low conservation value. The ecosystems of Lac Alaotra have been 
altered by marsh drainage and burning, sedimentation and the introduction of invasive 
plants and fish (Andrianandrasana et al. 2005; Ranarijaona 2007), while Velondriake has 
Category Incompatibility with case study protected areas 
Ia (Strict nature 
reserve) 
Established in least human-impacted areas, and strictly controls human 
visitation and use to ensure protection of conservation values. Case study areas 
are established in cultural landscapes and permit a range of human uses. 
Ib (Wilderness 
area) 
Established in large, unmodified landscapes without significant habitation and 
managed to retain natural condition. Case study areas are generally too small 
and too modified to qualify as wilderness. 
II (National park) Established in large, natural areas primarily to ensure conservation at 
ecosystem scale, with limited human use apart from recreation. Case study 
areas are smaller scale and permit a range of human uses. 
III (Natural 
monument) 
Generally small and established to protect specific natural features or 
culturally important natural sites. Management of case study areas is focused 





Established to protect specific habitat or species and usually requires active 
management. Management of case study areas is focused on conservation of 
landscapes or seascapes rather than specific habitats or species, and does not 




Established to maintain people-nature interactions that enhance conservation 
value in cultural landscapes. In the case study areas, people-nature interactions 




Established in predominantly natural areas and permits low-impact resource 
use. Case study areas are established in predominantly cultural landscapes and 
permit human uses that have a greater impact on natural habitats. 
Table 3.5 Principal sources of incompatibility between the 10 case study protected 
areas in Madagascar and International Union for Conservation of Nature (IUCN) 
management categories.  
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been overfished to the point where trophic dynamics have been transformed and provoked 
phase shifts from coral to algal cover (Harris 2007). Beyond these sites, it is debatable 
whether any area of Madagascar possesses a “complete complement of species native to 
the area”, given the relatively recent (< 2,000 years) extinction of the island’s mammal, 
bird and reptile megafauna (Crowley 2010). All potential conservation areas could 
therefore be termed cultural landscapes. 
 
3.4.2 People-nature interaction 
Human influence on Madagascar’s ecosystems has been largely negative for biodiversity 
(Gardner 2009; Irwin et al. 2010), with two major impacts apparent: (i) the extinction of 
the megafauna (Crowley 2010), and; (ii) the loss of forest cover. Although the extent of 
original forest cover is disputed (Virah-Sawmy 2009), up to 84 % is thought to have been 
lost since human colonisation through anthropogenic deforestation (Harper et al. 2007). 
Deforested landscapes largely comprise species-poor grasslands and bushlands, with little 
value for endemic biodiversity (Lowry et al. 1997). Since the majority of the island’s 
biota is restricted to forests (Goodman and Benstead 2005), the overall effect of human 
land-use over the last two millennia has been detrimental for Madagascar’s endemic 
species. Two examples from the case study protected areas, Lac Alaotra and Southern 
spiny forest, serve to illustrate the issues. 
 
Lac Alaotra 
This protected area is the largest body of freshwater in Madagascar and has been a 
Ramsar site since 2003. The lake and its associated marshes include the entire global 
range of the Critically Endangered Alaotra gentle lemur Hapalemur alaotrensis, as well 
as the only known breeding area of the now extinct Alaotra little grebe Tachybaptus 
rufolavatus and (until recently) the Critically Endangered Madagascar pochard Aythya 
innotata. The human population of the Alaotra watershed increased five-fold from 1960 
to 2003 (Bakoariniaina et al. 2006) and, as a consequence, the forested hills of the 
watershed have mostly been cleared. Subsequent erosion and siltation resulted in 
acidification and a reduction in lake area to 20 % of its original size by 2000 
(Bakoariniaina et al. 2006). Most of the lake’s marshes have been converted to rice 
cultivation and remain threatened by burning (Copsey et al. 2009), introduced plant and 
fish species have altered aquatic vegetation dynamics, and overfishing remains a serious 
problem (Andrianandrasana et al. 2005). This range of pressures on the ecosystem has 
had extreme knock-on impacts on the locally-endemic biodiversity: T. rufolavatus has not 
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been recorded since 1982 (IUCN 2010; Wilmé 1994) and A. innotata has not been 
recorded since 1991 (it was presumed extinct until it was rediscovered recently 
elsewhere; René de Roland et al. 2007). The population of H. alaotrensis has declined 
from an estimated 10,710 individuals in 1994 to 2,480 in 2002 (Ralainasolo 2004). 
 
Southern spiny forest 
The spiny forest ecoregion of southern Madagascar was, prior to the Durban Vision (and 
the establishment of PK32-Ranobe, Amoron’i Onilahy and Ankodida amongst the case 
studies), the least represented major forest type within the country’s protected area system 
(Fenn 2003a). People-nature interactions within the ecoregion take various forms, 
including pastoralism, timber and non-timber forest product extraction, charcoal 
production, and slash-and-burn agriculture (hatsake, Gardner et al. 2008; Seddon et al. 
2000). Although the hatsake may have been sustainable at low human population 
densities and under certain social institutional conditions (Elmqvist et al. 2007), changing 
macroeconomic conditions (Casse et al. 2004; Minten et al. 2006), population growth and 
rising migration (Kaufmann and Tsirahamba 2006; Rabesahala Horning 2003) have led to 
the region suffering the fastest rates of forest loss anywhere in the country since 1990 
(Harper et al. 2007). In the only existing study on the impacts of forest loss on 
biodiversity within the ecoregion, Scott et al. (2006) found that species richness of 
lizards, small mammals and birds declined by 50, 40 and 26 % respectively, and species 
turnover resulted in community composition shifts from habitat specialists to generalists. 
All three of the case study protected areas within the region are primarily threatened by 
hatsake and charcoal production. The interaction between people and nature has been 
negative for the ecological and biological values of the sites, as well as for certain 
environmentally-favourable cultural values, such as the preservation of culturally and 
spiritually important forest areas (Bodin et al. 2006; Fenn 2003b; Gardner et al. 2008). 
Other cultural values, however, such as the opportunity to derive a livelihood from 
ancestral lands (Keller 2008), are enhanced by the interaction. 
 
3.5 Discussion 
The analysis suggests that the 10 case study protected areas do not fall neatly into any of 
the six IUCN management categories, despite being proposed as category V. Of the two 
designations compatible with large-scale natural resource extraction, category VI is 
unsuitable because of the degree of human modification of the land- and seascapes in 
question, while the negative impact of land and resource use on biodiversity violates the 
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key principle of category V. The choice between categories V and VI, at least for some of 
the terrestrial case studies, is complicated by the deliberate inclusion of degraded and 
deforested ecosystems within the protected area boundaries. They have been incorporated 
into protected areas because: (i) they are seen as valuable for the promotion of economic 
development to reduce dependence on unsustainable resource use, and; (ii) they often 
occur in a landscape-scale mosaic alongside higher quality habitat, making their exclusion 
from protected areas complex or impossible spatially. Although the exclusion of these 
degraded zones would lead to the protected areas more closely aligning with the criteria 
for category VI, categorisation must be based on site-specific realities and thus category 
V remains the most suitable based on the decision-tool analysis.  
 
With regard to human impacts on biodiversity, I do not suggest that there are no examples 
of harmonious people-nature relationships in Madagascar of the type envisaged in the 
IUCN definition of category V, but rather that the case study protected areas are not 
typified by such interactions. Possible examples of sustainable interactions include the 
sclerophyllous scrub and alti-montane prairies of Andringitra, which are at least partly 
maintained by cattle grazing and fires (Rabetaliana and Schachenmann 1999), the fire-
maintained Tapia woodlands of the central highlands (Kull 2004), forest management by 
Mahafaly pastoralists (Kaufmann and Tsirahamba 2006), and the suppression of the 
invasive endemic vine Sarcostemma viminale (Asclepiadaceae) by cattle grazing within 
Beza Mahafaly Special Reserve (Sussman and Rakotozafy 1994). 
 
The key difference between category V in Madagascar and the model as conceived and 
implemented in Europe concerns the role of people-nature interactions within present and 
future protected area management. In the IUCN classification model, these relationships 
are seen as intrinsic to the landscape and essential for the maintenance of conservation 
values (Phillips 2002). In Madagascar, however, such interactions are largely negative for 
the maintenance of conservation value and, if left unchecked, could result in the near 
complete loss of natural habitats and their associated high species diversity. The very 
justification for protected area creation, therefore, is threatened by the impact of local 
communities on the landscape. Rather than maintaining existing people-nature 
interactions, management of category V areas in Madagascar is focused on modifying and 
reducing the type and intensity of natural resource use to promote long-term sustainability 
(Gardner et al. 2008; Harris 2007); harmonious people-nature relationships are a desired 
future state to be fostered, rather than an existing dynamic to be maintained. This 
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distinction is not purely semantic, having real and important management ramifications. 
In the European model of category V, a balance between humans and nature has been 
reached and the challenge is to maintain traditional land use in the face of more 
destructive modern practices (Phillips 2002). In Madagascar, this is not the case and the 
objective is to adapt these relationships between people and their environment into more 
benign forms before further biodiversity is lost. This fundamental difference in approach 
is particularly important given that category V has been promoted by the IUCN for 
adoption worldwide; emphasising the maintenance of traditional livelihood practices will 
not result in conservation gains where such activities are detrimental to biodiversity. 
Unfortunately, this distinct difference diminishes the utility of the category system as a 
framework for the description and comparison of protected areas. 
 
Given the incompatibilities between Malagasy protected areas proposed as category V 
and each of the six main IUCN categories, how should these sites be categorised? The 
protected areas need to incorporate the livelihood needs of local communities in 
management decision-making and, consequently, certain activities that have the potential 
to negatively affect the conservation values of the site if not managed sustainably. Such 
protected areas are likely to become more common in an ever-modernising world, where 
remnant natural ecosystems are increasingly small and fragmented, and growing numbers 
of rural people depend on the resources from these habitats for their well-being 
(Mallarach et al. 2008). My analysis suggests that protected areas established in such a 
context, where human land and resource use may diminish the viability of species and 
ecosystems but must nevertheless be accepted in the initial stages of protected area 
establishment, are not adequately represented by the IUCN protected area management 
categories. By not recognising the fundamental differences between category V protected 
areas of the type proposed in Madagascar and those prevalent in Europe, the system fails 
to acknowledge the former for what they are; valuable areas for the conservation of 
biodiversity that are threatened, rather than maintained, by human agency. Pigeon-holing 
these sites into other categories may result in conservation scientists, practitioners and 
policy-makers overlooking the critical role played by this emerging type of protected area 
in maintaining biodiversity.  
 
I therefore suggest that the IUCN category system should be modified to formally 
distinguish the intrinsically distinct nature of such protected areas. Two possibilities 
present themselves: (i) that the definition of category V is relaxed so as to reduce the 
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emphasis on people-nature interactions that are positive for biodiversity, and to include all 
protected areas in which human-biodiversity relationships of any type are dominant 
features of the landscape (guidelines could simply require the potential for sustainable 
interaction to be restored or fostered), or; (ii) that an additional category or subcategory is 
created and defined, so as to specifically account for the types of protected area in which 
human-nature interactions must be transformed, rather than maintained, to meet protected 
area management objectives. Of these two options, the first would meet the goal of 
recognising new protected areas of the type prevalent in Madagascar, but would fail 
nonetheless to make the distinction between them and category V protected areas as 
managed in Europe. The second proposal, however, would specifically acknowledge the 
unique management objectives and approach of Malagasy-type multiple-use protected 
areas, which is a necessary conceptual step if we are to successfully employ the protected 
area approach to conserve biodiversity in human-dominated landscapes. 
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Abstract 
Madagascar’s recently established protected areas seek to contribute to both conservation 
and development objectives. They comprise mainly multiple-use sites in which a range of 
human activities are permitted, hence the impacts of forest use on biodiversity must be 
understood if such protected areas are to be designed and managed effectively. Here a 
review is conducted of the literature on the effects of habitat change on Madagascar’s 
terrestrial biodiversity, and the associated range of responses of different taxonomic 
groups are analysed. Habitat change may lead to increases or decreases in species 
richness or abundance in the short-term, but the use of measures of species richness alone 
may mask a turnover of taxa from specialists to generalists and from endemic to non-
endemic. Dry forest species and communities may be less sensitive to habitat change than 
those of humid forests. Biodiversity impacts appear to follow a gradient of management 
intensity, with selective logging and edge effects having less influence on faunal 
communities than secondary forests and plantations. Priorities for future research are 
suggested, and the implications of existing research for protected area management 
(including zoning, the choice of management objectives, target viability analyses and 
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monitoring) are discussed. Although new protected areas provide complementary 
conservation services to the existing network of strict protected areas, the latter may be 
essential for the long-term maintenance of high priority endemic taxa. 
 
4.1 Introduction 
Read almost any article on biodiversity or conservation in Madagascar and the 
introductory paragraphs will highlight the extraordinary rates of deforestation suffered 
throughout the island in recent decades. While deforestation is one of the principal causes 
of terrestrial biodiversity loss in Madagascar, there has been comparatively little focus on 
the parallel process of anthropogenic habitat modification or degradation (i.e., changes to 
forest structure other than outright destruction). An understanding of the impacts of 
natural and anthropogenic habitat alteration on Madagascar’s biodiversity is important 
given recent shifts in the country’s conservation politic, particularly with regards to the 
creation and management of new protected areas. The first generation of protected areas 
in Madagascar are managed by the para-statal Madagascar National Parks (formerly 
ANGAP) in accordance with IUCN Categories I, II and IV, which represent the strictest 
categories in terms of permitted uses (Dudley and Phillips 2006; IUCN 1994). These 
protected areas are managed principally for biodiversity conservation, alongside research 
and recreation in some categories (Randrianandianina et al. 2003), and they are 
stringently regulated within national legislation (the Code de Gestion des Aires Protégées 
or COAP; GoM 2001). The COAP forbids, among other activities, the destruction or 
collection of plants in all protected area categories (Article 41). In addition, Article 11 
states that the “valorisation of biodiversity will be achieved primarily through research 
and ecotourism” (author’s translation from the original French) and, by implication, not 
through the extractive use of natural resources (GoM 2001). 
 
Following the launch of the ‘Durban Vision’ (Ravalomanana 2003), which entails the 
tripling of national protected area coverage from 1.7 to 6 million ha by 2012 (Mittermeier 
et al. 2005; Norris 2006), a new generation of protected areas is being established to form 
the Système d’Aires Protégées de Madagascar (Madagascar Protected Area System or 
SAPM), alongside the existing Madagascar National Parks network. The three principal 
objectives of SAPM are to: 
i) Conserve the whole of Madagascar’s unique biodiversity (ecosystems, species, genetic 
diversity); 
ii) Conserve Madagascar’s cultural heritage; 
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iii) Promote sustainable use for development and poverty alleviation (Commission SAPM 
(2006), author’s translation from the original French). 
 
In accordance with SAPM’s multiple objectives, most of the new Durban Vision 
protected areas that will be established by actors other than Madagascar National Parks 
are managed as IUCN categories III, V and VI, and contain significant areas of 
sustainable use zones in various forms (up to 75 % of their surface area; Pollini 2007). 
Such protected areas, many of which are co-managed by local community associations 
(Raik 2007), seek not only to conserve Madagascar’s unique biodiversity but also to 
maintain and enhance the material wellbeing of the human communities surrounding 
them (see Gardner et al. 2008), or at least to avoid/mitigate any negative impacts (GoM 
2006). The multiple objectives of both SAPM and individual protected areas are seen as 
vital to long-term protected area sustainability, given the extent to which rural 
communities throughout Madagascar depend upon forest products and services for their 
survival. For example, in the southwest, 97 % of households near Analavelona and 84 % 
of households near Zombitse depend upon forest products for their subsistence and 
household income (Rabesahala Horning 2003). As such new, multiple-use protected areas 
will continue to suffer habitat change as a result of activities including selective logging 
for timber and fuelwood/charcoal, the collection of non-timber forest products and 
livestock grazing. 
 
At first glance, the objectives of conserving biodiversity and promoting rural 
development within multiple-use protected areas could be considered as potentially 
conflicting, since such development often depends on the extractive use of natural 
resources which necessarily entails some habitat modification. If potential discord 
between management objectives is to be minimised, so that protected areas contribute to 
the goals of diverse stakeholders, it is vital that the impacts of human-induced habitat 
alteration on Malagasy biodiversity are understood by conservation practitioners. While 
much research has been carried out on the effects of habitat degradation on Malagasy 
species and communities (arising both from subsistence practices such as those authorised 
within SAPM, as well as industrial logging and deforestation, which are not permitted), 
there remains no synthesis of this information. The principal objective of this paper, 
therefore, is to review the existing literature on the effects of anthropogenic habitat 
change on biodiversity in Madagascar, in order to explore its implications for the design 
and management of new protected areas. The review thereby aims to help bridge the 
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Madagascar was first colonised by people approximately 2300 years before present (BP). 
Multiple lines of evidence suggest that their impact on natural environments was large, 
and includes the decline and eventual disappearance of the megafauna from around 1700 
BP, followed by the extensive conversion of habitats (through fire) starting in the 
southwest and spreading to other coasts and the highlands (Burney et al. 2004). 
Anthropogenic habitat change therefore has a long history on the island. It is defined 
herein as the modification of natural habitat structure arising from a suite of human 
activities including selective logging, fire, the creation of paths, and the grazing of 
livestock. Also included within the scope of this review are other types of altered or 
artificial habitat, such as secondary forests regenerating after clearance and plantation 
forests, but papers investigating the impacts of outright forest clearance (e.g. Benstead et 
al. 2003; Scott et al. 2006) or research carried out within agricultural landscapes (e.g. 
Martin et al. 2009) are not considered. The influence of habitat fragmentation on 
biodiversity has been reviewed elsewhere (e.g., Ganzhorn et al. 2003; Goodman and 
Raherilalao 2003). However, edge effects can be seen as functionally analogous to the 
types of habitat change listed above and are thus incorporated into the review. 
 
I used a searchable database of publications on Madagascar’s biodiversity (‘NOE 4D’), 
comprising 2852 articles and spanning the period 1658–2008, to search for relevant 
research. The database was compiled by Lucienne Wilmé in 2008 in a project funded by 
WWF. The database was searched using the terms ‘impact’, ‘effect’, ‘degradation’ and 
‘habitat’ to identify relevant papers, with the reference lists of these works also examined 
in order to identify additional research of interest. Given the paucity of available 
information on species and community responses to habitat change in Madagascar, I 
sought to make full use of available evidence through knowledge transfer. Therefore, the 
search was not limited to the impacts of activities that may be permitted within new, 
multiple-use protected areas, since illicit forest uses also trigger habitat changes that may 
be analogous to modifications arising from authorised activities. I did not limit the review 
to research using appropriate counterfactuals (i.e. temporal or spatial controls following 
the before-after/control-impact framework; Stewart-Oaten et al. (1986)) because few 
papers (n = 17) satisfied this criterion. Studies included in the review vary in their degree 
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of robustness and quality and thus consist of a broad range of evidence. Likewise, they 
were conducted across a continuous gradient of habitat degradation. 
 
Diversity in the type of investigation undertaken precluded the use of formal meta-
analytical techniques or other forms of quantitative analysis. Trends in the research were 
qualitatively analysed by focal taxonomic group, type of habitat modification and 
geographic distribution (for the latter, articles were grouped using Cornet’s (1974) 
bioclimatic model because it was not always possible to categorise the material based on 
a more detailed classification system such as Moat and Smith (2007), due to a lack of 
detail reported in the papers). Much of the literature reviewed was published prior to 
recent revisions and nomenclatural changes of focal taxa; the original names from the 
cited publications are reproduced here, and updated names are provided in cases where 
the identity of the taxon is unambiguous. 
 
4.2.1 Analysis of impacts 
For research papers which generated explicit conclusions regarding the effects of habitat 
change on individual species, taxonomic groups or assemblages, I classified the impacts 
into the three categories defined below: 
Positive impact: the focal species/community demonstrated an increase in either 
abundance/density or species richness within modified habitats or along a degradation 
gradient, in comparison to undegraded or less degraded areas. 
Negative impact: the focal species/community demonstrated a decrease in either 
abundance/density or species richness within modified habitats or along a degradation 
gradient, in comparison to undegraded or less degraded areas. 
Neutral or mixed impact: based on outcomes where there was: (i) no measurable change 
in either abundance/density or species richness between modified habitats and a 
counterfactual; (ii) an increase in abundance, but this was accompanied by a decrease in 
species richness (or vice versa), or; (iii) an approximately equal number of species found 
to benefit from habitat change as found to be negatively affected. 
 
4.3 Results 
Fifty two papers were found investigating the impacts of human-induced habitat 
modification on Madagascar’s terrestrial biodiversity. In terms of focal taxa, lemurs, 
birds, small mammals, reptiles and amphibians have received the most research effort 
(Fig. 4.1), with comparatively little material examining bats, invertebrates and vegetation 
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Fig. 4.1 Taxonomic focus of 52 studies investigating the impacts of anthropogenic 
habitat change on terrestrial biodiversity in Madagascar. Small mammals comprises 
Rodentia and Afrosoricida. Some studies focused on more than one taxonomic 
group.  
Fig. 4.2 Types of anthropogenic habitat modification or modified habitats 
investigated by a sample 52 studies in Madagascar. Some studies investigated 
multiple phenomena.  
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(although a number of faunal studies also measure alterations to vegetation structure).  
The majority of reviewed papers were focused on assessing the impacts of selective 
logging, edge effects and secondary forests (Fig. 4.2).  
 
Grouping the research by Cornet’s (1974) bioclimatic regions (but treating the humid and 
sub-humid regions together because the specific location of some studies does not permit 
them to be accurately assigned to either region, and separating out the southeast littoral 
forests as a discrete entity because they have received so much attention in their own 
right), we see that the eastern humid and sub-humid regions, western dry region and the 
southeast littoral forests comprise the majority of published work (Fig. 4.3 and Fig. 4.4).  
 
4.3.1 Birds: community impacts 
In Ankarafantsika, Pons and Wendenburg (2005) observed that species richness and 
abundance, based on point count data, were greater in secondary regrowth a few years 
after a fire than in unburnt natural forest. Secondary forests contained all the same species 
Fig. 4.3 Geographic distribution of 52 studies investigating the impacts of 
anthropogenic habitat change on Madagascar’s terrestrial biodiversity, grouped by 
bioclimatic region (Cornet 1974). The southeast littoral forests are part of the humid 
region but are separated as an entity to highlight the research focus they have 
received. 
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present in unburnt forest, as well as an additional ten understory species. By creating an 
index of conservation value based on endemism, abundance and threatened status, these 
authors calculated that the conservation value of secondary forests was greater than that 
of unburnt forests. Andrianarimisa (1992) also recorded an increase in species richness in 
secondary and selectively logged forests compared to non-degraded forests, noting that 
these habitats occur in a mosaic pattern on the landscape scale, thereby increasing 
Fig. 4.4 Map of Madagascar’s bioclimatic regions (following Cornet (1974)) showing 
locations mentioned in text and the capital Antananarivo (white square). White, humid and 
sub-humid regions; light grey, dry region; dark grey, sub-arid region.  
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structural complexity and providing a greater number of niches for birds. Woog et al. 
(2006) found a higher species richness in forest edges than in the interior or agricultural 
matrix habitats within the Maromizaha forest, due to the presence of species typical of 
open habitats at the forest edge. These authors, however, do not appear to have controlled 
for survey effort between habitat types. 
 
Watson et al. (2004a) working in the southeast littoral forest, observed the forest interior 
to be significantly richer than the forest edge and secondary matrix habitats (primarily 
Erica scrub), although total bird abundance between interior and edge was similar. Of the 
45 species recorded only in forest, 68 % were found to be edge-sensitive or intolerant. 
However, a second study found no significant change in bird communities following 
habitat change. In the selectively logged dry forest of Kirindy/CFPF, Hawkins and Wilmé 
(1996) did not detect any significant change in the number of species or individuals 
between logged and unlogged forest areas, speculating that this may be due to the absence 
of rarer species from transects or the general absence of disturbance-sensitive guilds from 
the Kirindy/CFPF forest. Pons et al. (2003a) also recorded similar species diversity and 
abundance in both forest and matrix habitats immediately following a fire in the dry forest 
of Ankarafantsika. 
 
Finally, Goodman et al. (1996) compared the bird communities of a mature plantation of 
indigenous Weinmannia bojeriana on the Ankaratra Massif, with humid forests from the 
same altitudinal band in Anjanaharibe-Sud and Andohahela. They observed the bird 
communities to be “more-or-less similar” between the three sites in terms of species 
richness, although the Andohahela community included a greater proportion of forest-
dwelling species. The plantation community, however, possessed a lower proportion of 
endemic species (43.2 %, compared to 59.0 % at Anjanaharibe-Sud and 50.0 % at 
Andohahela), and was particularly poor in species endemic at higher taxonomic levels; no 
members of the Brachypteraciidae, Mesitornithidae, Couinae or Philepittinae were 
recorded, and only two forest-dwelling species of endemic genera were observed 
(compared to 16 at Anjanaharibe-Sud and eight at Andohahela). The Ankaratra plantation 
was also depauperate in birds restricted to higher elevational zones, being populated 
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4.3.2 Birds: impacts on foraging guilds 
Several researchers have demonstrated that the sensitivity of birds to habitat degradation 
is related to a given species’ foraging behaviour, and that the relative abundance of 
foraging guilds therefore differs in habitats of varying quality or structure. In 
Ankarafantsika, Pons and Wendenburg (2005) found that both degraded and non-
degraded forests are dominated by canopy and understory insectivores, followed by 
frugivores and aerial feeders. Furthermore, after such zones were converted to savannah, 
the bird community was dominated by granivores and aerial insectivores. At the same 
site, Andrianarimisa (1992) observed that granivores, frugivores, understory insectivores 
and aerial insectivores reach higher abundance in degraded forests, while terrestrial 
insectivores decrease in abundance. 
 
In the southeast littoral forest, Watson et al. (2004a) found all frugivore species to be 
edge-sensitive, as well as 88 % of canopy insectivores, 46 % of terrestrial insectivores 
and 25 % of understory insectivores. Granivorous species and raptors, on the other hand, 
were found to be more abundant within the non-forest matrix or at the forest edge. 
Watson et al. (2004b) reported similar results in an investigation of bird responses to 
habitat fragmentation, observing that canopy insectivores and large canopy frugivores are 
the most sensitive guilds to reduction in fragment size. Goodman et al. (1996) noted the 
relative scarcity of insectivores and the relative over-representation of raptors within 
plantation forests at Ankaratra. Finally, Langrand and Wilmé (1997) observed a decrease 
in understory and canopy insectivores and nectarivores from the smallest patches at 
Ambohitantely. These findings correspond closely to those of Gray et al. (2007) in a 
global review of foraging guild responses to habitat disturbance, indicating that the 
Malagasy avifauna does not respond differently to that of other tropical regions. 
 
4.3.3 Birds: endemic and non-endemic species 
Wilmé (1996) states that “the tolerance of the endemic forest avifauna to forest 
degradation is proportional to its degree of taxonomic endemism”, finding that of 32 
endemic forest bird genera, 27 do not occur in secondary forests or anthropogenic 
grasslands (although some may occur in lightly degraded habitats). The literature 
reviewed here, much of it published after Wilmé’s (1996) review, finds mixed support for 
this statement, although there is a clear geographical and taxonomic bias in the research 
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Four studies directly investigated the response of individual endemic species or guilds to 
habitat modification, all focused on a suite of medium-sized, dry forest, terrestrial 
insectivores that are endemic at higher taxonomic levels. Hawkins (1993, 1994) found 
that Mesitornis variegata in Menabe benefited from the higher density of the shrub layer 
following logging, which provided greater cover from predation and heat, and an increase 
in potential nest sites. Likewise, Seddon and Tobias (2007) observed that Uratelornis 
chimaera nesting density is greater in lower stature or degraded habitats in the Mikea 
Forest, and that pairs will preferentially nest alongside a path or clearing if available in 
their territory. This is in contrast to the sympatric Monias benschi, which avoided more 
degraded habitats (Seddon et al. 2003). In studies of Coua spp. in Kirindy/CFPF 
(Chouteau 2004) and Ankarafantsika (Chouteau et al. 2004), responses were found to 
vary according to species and type of habitat change. In Kirindy/CFPF, C. coquereli 
density increased but C. gigas density decreased significantly in selectively logged forest; 
the former species preferred denser understory vegetation which probably enhanced prey 
availability and cover from predators (Chouteau 2004). In Ankarafantsika, however, C. 
coquereli was less abundant in once-burnt forest than in unburnt areas, in contrast to C. 
ruficeps, which was more abundant in once-burnt forest and occurred in twice-burnt areas 
(Chouteau et al. 2004). Hawkins and Wilmé (1996) also found C. coquereli to be more 
abundant in logged areas in Kirindy/CFPF, where Schetba rufa was the only species with 
a significant negative response to logging. 
 
Of the 12 species belonging to endemic or near-endemic families and sub-families in 
Pons and Wendenburg’s (2005) study in Ankarafantsika, two were more common in 
unburnt forests (Coua ruficeps (in contrast to Chouteau et al. 2004) and Vanga 
curvirostris), one was more common in regenerating forests (Leptopterus chabert) and 
the rest showed no significant change. Also in Ankarafantsika, Andrianarimisa (1993, 
cited in Pons et al. 2003a) found that non-endemic birds attained higher relative 
abundance in degraded than in intact forests. 
 
Notably less research has been carried out on endemic birds in humid forests than in the 
dry forests. In a study of fragmentation in Ambohitantely, Langrand and Wilmé (1997) 
found five species to be significant edge avoiders (Atelornis pittoides, Phyllastrephus 
[=Bernieria] madagascariensis, Newtonia ampichroa, Calicalicus madagascariensis and 
Foudia omissa); of these all are endemic, two are members of endemic families and two 
belong to a near-endemic family. While Watson et al. (2004a) did not analyse their data 
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by endemism, they do note that Foudia omissa is an edge-tolerant species in littoral forest 
fragments, in contrast to the situation at Ambohitantely where this species is an edge-
avoider (Langrand 1994; Langrand and Wilmé 1997). These results therefore indicate that 
the same species may respond differently to edge effects in different habitats. 
 
4.3.4 Reptiles and amphibians 
Jenkins et al. (2003) measured chameleon density in low-disturbance (selectively logged) 
and high-disturbance (post-fire regeneration) forests at Andranomay, as well as in riparian 
areas. Of the four Calumma and two Brookesia spp. present at the study site, only B. 
minima was absent from forests regenerating after fire, while three of the four Calumma 
species were significantly more abundant in low-disturbance compared to high-
disturbance forest. Metcalf et al. (2005) measured the edge effect from forest paths on 
chameleon abundance in Ankarafantsika, and found both Furcifer oustaleti and F. 
rhinoceratus at significantly greater densities with increasing proximity to paths. This 
result is similar to that of Jenkins et al. (1999), who found C. brevicornis and B. nasus to 
occur at higher densities along well-established forest paths than in randomly placed 
transects within the forest interior. The only non genus-specific reptile study was carried 
out in Kirindy/CFPF, where Bloxam et al. (1996) found selective logging had no 
significant effects on either assemblage composition or species abundances. 
 
Amongst research into frog communities, Vallan et al. (2004) found that selective logging 
had no significant impact on amphibian abundance or species richness in An’Ala forest, 
but noted a marked shift in community composition from specialist to generalist species; 
terrestrial species (Mantellinae) were scarcer, and arboreal species (Boophinae and 
Cophylinae) were more abundant in logged compared to unlogged forests. A similar 
result was found by Andreone (1994) in Ranomafana, where frog communities were 
surveyed in undisturbed forests and a range of different degraded habitats (such as 
roadsides and banana plantations). This author found a higher proportion of arboreal 
species and a lower proportion of terrestrial species in degraded forests compared to non-
degraded areas, with no indication of a difference in species richness. Of the 40 species 
recorded, 27.5 % were restricted to non-degraded forests, 22.5 % were limited to 
degraded areas, and 50 % occurred in both habitat types. In a study of fragmentation at 
Ambohitantely, Vallan (2000) also found differences in disturbance-sensitivity (in this 
case edge effects) related to life-history; species which do not live in water (most 
microhylids, Mantidactylus malagasius, M. aglavei) were absent in small fragments due 
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to the greater relative influence of edge effects, while stream-dwelling species were not 
affected. 
 
Vallan (2002) studied frog communities in relatively undisturbed forest, secondary forest, 
Eucalyptus plantations and rice-fields in Andasibe, and found significant differences in 
species richness between habitat types; secondary forests harboured only 54 %, 
plantations 46 % and rice-fields 12 % of the total number of species recorded in relatively 
undisturbed forests. Habitat preferences were found to reflect taxonomy, with the 
Hyperoliidae and Raninae [= Ptychadenidae] occurring only in rice fields, while 
Mantellinae, Microhylidae and the genus Boophis were more species rich in relatively 
undisturbed forests. 
 
Reptile and amphibian communities in littoral forest fragments in southeast Madagascar 
have been observed to display strong seasonal differences in edge sensitivity (Lehtinen et 
al. 2003). All frogs were found to be significant edge-avoiders during the dry season, but 
during the rainy season a mix of responses were recorded, with one species 
(Mantidactylus boulengeri) being an edge-avoider, one being an interior-avoider 
(Heterixalus boettgeri) and the others showing non-significant differences in distribution. 
Among reptiles, three species (Mabuya [=Trachylepis] elegans, Phelsuma lineata and 
Geckolepis maculata) were interior-avoiders and none were edge-avoiders during the wet 
season. The authors also found a significant correlation between the strength of edge-
avoidance and extinction risk (estimated on the basis of absences from sampled 
fragments), although this was non-significant when only reptiles were considered. 
 
4.3.5 Small mammals: community impacts 
Based on knowledge of the species’ ecological requirements, Ganzhorn et al. (1996) 
hypothesised that selective logging would favour Mus musculus, Suncus 
madagascariensis, and Geogale aurita, but would reduce habitat quality of the spiny 
tenrecs (Tenrecinae) Tenrec ecaudatus, Setifer setosus, and Echinops telfairi at Kirindy/
CFPF. Nonetheless, trapping results showed no significant effect of logging on either S. 
setosus or T. ecaudatus. Similarly, Ganzhorn et al. (1990) found that selective logging 
had no impact on the density of T. ecaudatus, but did slightly impair habitat quality for E. 
telfairi. All of the spiny tenrec species mentioned above are known to be tolerant of 
habitat degradation and anthropogenic environments (Nicoll and Rathbun 1990; 
Ganzhorn et al. 2003). 
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In Kirindy/CFPF, the rodent Macrotarsomys bastardi was not captured outside of 
relatively intact forests, but Eliurus spp. occurred in all forest types (including secondary 
forests dominated by the invasive Ziziphus mauritiana) within 50 m of the ecotone with 
relatively undisturbed forest (Ganzhorn 2003). Eliurus webbi was not captured outside of 
the least disturbed littoral forest fragments (Ramanamanjato and Ganzhorn 2001). 
 
Amongst studies carried out within humid forest ecosystems, Lehtonen et al. (2001) 
investigated the density of rodents across a gradient of habitat degradation from intact to 
heavily-logged forest and secondary scrub. Although abundance of endemic rodents was 
higher in relatively undisturbed than in secondary forest, no species were most abundant 
in undisturbed habitats. Both Nesomys rufus and N. audeberti were absent from secondary 
scrub, although the former was most abundant in selectively-logged forest while the latter 
was most abundant in heavily-logged forest. All three Eliurus spp. occurred in heavily-
logged forest. Low-intensity selective logging was found to have little effect on the native 
rodent fauna, but high-intensity logging was associated with the loss of endemic species. 
 
Stephenson (1993) compared small mammal richness and abundance between one 
secondary forest and three relatively undisturbed forest sites in Analamazaotra. Four 
species were only recorded in the least disturbed area, where species richness was greatest 
but total abundance lowest, and two species were only recorded from secondary forest. 
The lowest species richness was recorded from a site heavily impacted by tourism. 
Stephenson (1995) also investigated small mammal abundance in relatively undisturbed 
and logged secondary forest at Anandrivola. Endemic species richness was higher in 
relatively undisturbed rather than secondary forest, as was the abundance of two species 
(Microgale talazaci and E. webbi). Three endemic species (Oryzorictes hova, M. pulla 
[=parvula] and Nesomys rufus) were not recorded in secondary forest, while 
Hemicentetes semispinosus and the introduced Rattus rattus and Suncus murinus were not 
trapped in relatively undisturbed forest. 
 
Rasolonandrasana and Goodman (2006) compared small mammal faunas in an area of 
recently burned forest with an adjacent control site in the upper elevational sclerophyllous 
forest of Andringitra. They found that Eliurus minor and Nesomys rufus did not 
recolonise burned patches after three years, but these species were at the limit of their 
altitudinal range and therefore occurred at low densities at this elevation. In contrast, M. 
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longicaudata and M. fotsifotsy were more abundant in the burnt space, while no 
significant differences were found between the abundance of M. cowani, M. dobsoni, and 
Monticolomys koopmani in burnt and unburnt patches. When introduced rodents were 
excluded, the burnt area had a lower total rodent density than the control site. Finally, 
Goodman et al. (1996) investigated small mammal presence and density in a plantation 
forest of native trees at Ankaratra, and compared the observed fauna to that of other sites. 
They found no significant differences in the species richness and abundance of 
Lipotyphla [=Afrosoricida] between the plantation and natural forests in Anjanaharibe-
Sud, although relative density of endemic rodents was significantly lower within 
plantations than in natural forests. 
 
4.3.6 Small mammals: effects of introduced species 
Compared to other taxonomic groups, research into the tolerance of endemic small 
mammals to habitat degradation is confounded by the presence of introduced invasive 
species (e.g. Rattus rattus and Mus musculus) which, although they are capable of 
penetrating relatively undisturbed forest, occur at highest density in degraded and 
anthropogenic habitats. The interactions between endemic and introduced small mammals 
have been discussed elsewhere (e.g. Goodman 1995) and are beyond the scope of this 
paper. In brief, the diets of introduced and endemic species do overlap to varying extent 
(Goodman and Sterling 1996), but there appears to be no firm evidence of a reduction in 
endemic small mammal density or species richness as a result of competition with 
introduced species. Ramanamanjato and Ganzhorn (2001) failed to find evidence of 
competitive exclusion within littoral forest fragments, but suggest that R. rattus may 
outcompete native species within degraded or marginal habitats that may otherwise have 
supported endemic species. 
 
4.3.7 Lemurs 
In a series of papers investigating the influence of edge effects on lemur communities in 
the Vohibola III Classified Forest, Lehman and colleagues observed a high degree of 
interspecific variation in edge-tolerance. Lehman (2007) found Eulemur fulvus rufus [= E. 
rufus] to occur at lower densities at the edge compared to interior of forests, while 
Lepilemur mustelinus showed no significant spatial variation in density. The author 
suggests that this pattern can be explained by the distribution of food; edge effects have a 
greater impact on the distribution of fruit resources than on leaf resources, with the result 
that folivorous species demonstrate greater edge tolerance than frugivores. Lehman et al. 
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(2006a) surveyed eight species along transects at varying distances from the forest edge, 
collecting sufficient data to analyse the distributions of four species. Of these, three 
species (E. rubriventer, Avahi laniger, and Microcebus rufus) demonstrated positive edge 
effects, while one species exhibited a neutral edge effect (Hapalemur griseus). For a 
further three species (Propithecus diadema edwardsi [= P. edwardsi], L. microdon, and E. 
f. rufus [= E. rufus]), insufficient observations were made to provide statistically 
significant results, but descriptive evidence indicates that these species are more likely to 
show a neutral than a negative edge effect. It was predicted that E. rubriventer, being a 
frugivorous species, would exhibit a negative edge effect. However, this hypothesis was 
not supported by the data, possibly because the study was conducted at a time of low fruit 
set when the species behaves more as a folivore/frugivore. In a second study in the same 
forest, Lehman et al. (2006b) found three species showed neutral edge effects (Avahi 
laniger, E. rubriventer, and H. griseus), two species demonstrated positive edge effects 
(P. d. edwardsi, and M. rufus), and one species exhibited a negative edge effect 
(Cheirogaleus major). These findings are explained largely by the distribution of food 
resources; the three species showing neutral edge effects are folivorous or frugivorous/
folivorous during the survey period, while the two edge-preferring species have varied 
diets.  
 
Ganzhorn (1995) measured the effects of low-intensity selective logging on primary 
production, leaf chemistry, and lemur populations in the forest of Kirindy/CFPF, and 
found that the greater light penetration in logged areas results in enhanced leaf quality 
(which compensates for reduced leaf biomass) and increased fruit production in tree 
species favoured by frugivorous lemurs. For all lemur species present at the study site 
(Eulemur fulvus, Propithecus verreauxi, Cheirogaleus medius, Lepilemur mustelinus, 
Microcebus spp., Mirza coquereli, and Phaner furcifer), observed densities were higher in 
logged than in unlogged forest, although these relationships were only significant for 
three species. The author stresses that the results should be interpreted with caution, and 
for some species may represent shifts in home ranges to take advantage of seasonal leaf 
flush/fruiting rather than genuine increases in population density. While low-level forest 
disturbance may be beneficial for lemurs, encounter rates of most of the lemurs of the dry 
deciduous forest decreased with higher intensity logging. 
 
Merenlender et al. (1998) monitored the demographics of Varecia variegata rubra [= V. 
rubra] and Eulemur fulvus albifrons [= E. albifrons] in both undisturbed and selectively 
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logged forest on the Masoala Peninsula; they found no significant differences in 
population density, group size or female fecundity between forest types in either species, 
but did observe a female-biased adult sex ratio of E. f. albifrons in selectively logged 
forest. This observation is explained by an increase in male dispersal in disturbed forests 
due to insufficient food resources, indicating that these areas may function as population 
sinks for this species. In contrast, studies of Varecia elsewhere have shown V. v. 
variegata to be susceptible to forest degradation. Balko and Underwood (2005) found the 
species to be absent from logged areas in Ranomafana for over a decade post-harvest, 
while White et al. (1995) also noted that the species was sensitive to forest conditions. 
 
Two studies have looked at the distribution and density of lemur faunas in forest patches 
across a landscape. Rasolofoson et al. (2007) surveyed lemur populations at 12 sites 
within the Makira forest and observed 14 species; they discovered that the relative 
densities of 11 species were negatively correlated with the density of cut stumps, although 
the surveyed forests were heavily hunted and disturbed, so it was not possible to 
disentangle the effects of selective logging from other factors. Lehman et al. (2006c) 
surveyed seven sites within the Fandriana-Marolambo Corridor and found lemur diversity 
to be significantly negatively correlated with both altitude and agricultural intensity. The 
relationships between lemur diversity and both hunting pressure and logging intensity 
were also found to be negatively correlated, although these results were statistically 
insignificant. 
 
Andrianasolo et al. (2006) investigated the association between nocturnal lemur density 
and structural vegetation parameters across a gradient of degradation in the southeast 
littoral forests. Microcebus spp. was the least specialised in terms of microhabitat use, 
whereas Cheirogaleus spp. and Avahi laniger were the most. Avahi laniger was observed 
to select areas with a high density of large trees, and the authors suggest that this 
preference is due to the mode of locomotion of this species rather than due to the 
distribution of food resources. 
 
In Menabe, Ganzhorn and Schmid (1998) observed that M. murinus in secondary forest 
had reduced body mass and survivorship, and occurred at lower density, compared to 
relatively undisturbed forest, while females were less likely to enter into daily torpor and 
hibernation in secondary forests. The authors suggested that both the higher ambient 
temperatures and the relative scarcity of large trees with tree holes in secondary forests 
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inhibited energy-saving torpor which, coupled with decreased food abundance, reduced 
the ability of the species to survive the dry season. These findings were corroborated by 
Ganzhorn (2003), who observed that although M. murinus were found in all relatively 
undisturbed and secondary forest formations in Menabe, capture rates decreased in 
secondary forests of increasing size, indicating that these habitats were suboptimal for this 
species. In the southeast littoral forests, however, Ramanamanjato and Ganzhorn (2001) 
failed to capture M. murinus in secondary formations over three years of trapping, even 
though the species is known to utilise plantations elsewhere in the region. Within 
relatively undisturbed forests, capture rates for M. murinus were higher in areas with 
greater canopy cover. 
 
The habitat utilisation of two sympatric Microcebus species (M. murinus and M. 
ravelobensis) was investigated in two forest areas in Ankarafantsika by Rendigs et al. 
(2003). They found both species in a non-degraded forest with a high density of large 
trees, but only M. ravelobensis in the more degraded area. The degraded area contained 
fewer large trees with tree holes, which were thought to be a critical resource for M. 
murinus but not for M. ravelobensis. 
 
Arrigo-Nelson and Wright (2004) examined the distributions of Hapalemur spp. in 
relation to the distribution of bamboo and human disturbance. They found that small-culm 
bamboo occurred at greatest density at forest edges and within light gaps, and thus H. 
griseus and H. aureus are likely to use forest edges. This edge-tolerance may have 
adverse effects on the species, exposing them to greater hunting pressure. 
 
The presence of Eulemur collaris in littoral forest fragments has been examined in 
relation to patch size and habitat characteristics (Ralison et al. 2006). The lemur was 
present in only four out of 10 patches, and did not occur in patches smaller than 220 ha in 
area. Occupied patches were characterised by greater canopy height, canopy cover, tree 
diameter, and density of pandan trees (Pandanus spp., Pandanaceae) (i.e. were less 
degraded) than patches in which the species was absent. This study, however, was unable 
to disentangle the effects of habitat degradation, patch size, and edge effects. In constrast, 
E. m. macaco is known to survive in both degraded and well-established secondary 
forests on Nosy Be and the adjacent mainland, as well as areas where it can feed on 
cultivated fruit trees, which support greater population densities than relatively 
undisturbed forest (Bayart and Simmen 2005). Cultivated fruit trees have also been 
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observed to attract other species when adjacent to natural forest (e.g. E. coronatus and 
Daubentonia madagascariensis feeding in mango trees (Mangifera indica, 
Anacardiaceae) on Montagne des Français (pers. obs.). 
 
The use of plantation forests by lemurs has been investigated at Analamazaotra (primarily 
Eucalyptus) and Ampijoroa (mixed-species plantations) (Ganzhorn 1987). At 
Analamazaotra, three species regularly used and foraged within mature Eucalyptus 
plantations with dense undergrowth (Microcebus rufus, Cheirogaleus major and Eulemur 
f. fulvus [= E. fulvus]). Three small folivorous species (Avahi laniger, Hapalemur griseus, 
and Lepilemur mustelinus) were observed to occasionally forage within these plantations, 
while Indri indri made only occasional use of plantations to cross between areas of 
natural forest. No lemur species were ever recorded within young Eucalyptus plantations 
lacking substantial understory vegetation. At Ampijoroa, three species were either 
resident or regularly observed within mixed-species plantations contiguous with natural 
forest (Propithecus verreauxi, L. mustelinus and E. fulvus). This mixed-species plantation 
was used to a much greater extent by lemurs than mature Eucalyptus plantations in the 
east. No lemur was recorded within a mature plantation of the indigenous Weinmannia 
bojeriana in Ankaratra (Goodman et al. 1996). 
 
4.3.8 Bats 
Compared to non-volant mammal species, relatively little research has been carried out 
into Malagasy chiropterans (Goodman et al. 2003), in particular with regards to habitat 
utilisation (Kofoky et al. 2007). Kofoky et al. (2007) used trapping and acoustic sampling 
to investigate bat species composition, abundance, and activity in three habitats (forest 
interior, clearings, and forest edge) within and around Tsingy de Bemaraha National Park. 
Results differed according to the method employed; while four species (Triaenops rufus 
[=T. menamena], T. furculus, Miniopterus manavi, and Myotis goudoti) were strongly 
associated with the forest interior based on trapping data, acoustic sampling revealed T. 
rufus and M. manavi at the forest edge. Overall, bat activity differed significantly between 
habitats, being lowest within the forest interior and highest at the interface of forest and 
agricultural land. As trapping within the forest interior was conducted along trails 
adjacent to cave roosts, the authors hypothesised that species trapped in the forest were 
likely using these trails as thoroughfares leading to the forest edge where most foraging 
takes place. If this is the case, the findings suggest that while forests are important in 
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providing shelter around cave roosts, forest edge constitutes a more important foraging 
habitat for microchiropterans. 
 
Similar results were found in the humid forests of Mantadia and Analamazaotra, with the 
highest taxonomic richness of any site being recorded within relatively intact forest areas, 
but the greatest activity levels occurring within Eucalyptus plantations and agricultural 
land (Randrianandrianina et al. 2006). Four species were captured solely within intact 
forest, two species within agricultural land only, and just Rousettus madagascariensis in 
plantations (although overall capture rates were low). Based on acoustic sampling, Myotis 
goudoti was the only species to be strongly associated with relatively intact forest. A 
matrix of non-forest land surrounding protected humid forests contributes greatly to 
chiropteran diversity by providing roosts and foraging areas for species that do not use 
forests (Randrianandrianina et al. 2006), as was demonstrated for western dry forests 
(Kofoky et al. 2007). 
 
The results from the above studies are corroborated by Goodman et al. (2005) who, based 
on surveys throughout the dry regions of Madagascar, discovered that no more than five 
out of 27 recorded species are strictly dependent on large expanses of intact forest. In 
addition to the species studied above, others known to use anthropogenic habitats and non
-indigenous food plants include the fruit bats Eidolon dupreneanum (Ratrimomanarivo 
2007) and Pteropus rufus (Hutcheon 2003). One striking example of a species potentially 
benefiting from forest degradation is the sucker-footed bat Myzopoda aurita of the 
endemic family Myzopodidae. This species roosts in the travellers’ tree Ravenala 
madagascariensis (Strelitziaceae), and has benefited from the elevated densities of the 
plant within secondary and degraded habitats (Eger and Mitchell 2003). 
 
4.3.9 Invertebrates 
Olson and Andriamiadana (1996) compared the leaf litter invertebrate faunas of 
unlogged, selectively logged and edge habitats (along logging trails) in the dry forests of 
Kirindy/CFPF. Edge habitats were found to support a lower number of individuals and 
total biomass, but species richness and community composition did not differ 
significantly between forest edge and unlogged forest blocks. Selectively logged sites 
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4.3.10 Vegetation 
Cadotte et al. (2002) surveyed the vegetation of three littoral forest fragments in Sainte 
Luce and one fragment in Lokaro; the Lokaro fragment is closer to the sea, more isolated, 
and more heavily impacted by local communities. As a consequence, the Lokaro forest 
area contained significantly fewer species and families, lower tree density and Shannon-
Wiener diversity, and was largely dominated by one tree species, Tambourissa purpurea 
(Monomiaceae). This study, however, did not directly measure degree of anthropogenic 
disturbance between plots, and so was unable to disentangle the effects of edaphic factors, 
isolation, and degradation on the observed patterns.  
 
Sussman and Rakotozafy (1994) investigated forest structure and composition in three 
areas at Beza Mahafaly, comprising gallery forest on humid soils, spiny thicket on dry 
soils (both of which were fenced and therefore not subject to grazing), and an unfenced 
patch of spiny thicket on dry soils. Tree density was lower in the grazed area than in the 
fenced spiny thicket area, but higher than in the gallery forest. The grazed forest also had 
a greater proportion of indigenous trees than either of the fenced areas, although 
indigenous tree species richness was reduced. In seedling plots established in the same 
forest patches, no appreciable differences were found in the proportion of saplings and 
juveniles of middle and upper stratum trees, indicating that grazing was not having 
negative impacts on the regeneration of these species (although grazing intensity was not 
quantified). Grasses, however, were proportionally more common within the grazed area, 
and herbs less common, presumably as a result of preferential grazing of herbs by 
livestock. The authors note that the indigenous vine Sarcostemma viminale 
(Asclepediaceae) behaves as an invasive within this forest and was controlled by grazing 
prior to the establishment of the reserve; conservation grazing is therefore under 
consideration as a management tool in order to control this species (M. Nicoll, pers. 
comm.). 
 
Brown and Gurevitch (2004), working in Ranomafana, investigated differences in 
vegetation structure and composition between unlogged forest, forest selectively logged 
50 years previously, and forest clear-cut and subsequently abandoned years 150 
previously. They found that logging significantly decreased species diversity and 
increased invasion by exotic plants, primarily Psidium cattleianum (Myrtaceae). The 
presence and abundance of native plants were significantly different between logged and 
unlogged areas, but no such trends were apparent between the two types of previously 
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logged stand. Once established, P. cattleianum formed dense monospecific stands which 
prevented the establishment of native species, such that selectively logged forests may 
never recover their original structure or composition once invaded. Invasive exotic plants 
are also known to prevent regeneration within degraded forests in other regions of 
Madagascar (e.g. Ziziphus mauritiana in Menabe (Ganzhorn 2003), Opuntia spp. in the 
south (Middleton 1999), and Acacia spp. in the central highlands and eastern escarpment 
(Kull et al. 2008)). 
 
A number of studies have examined vegetation responses to forest degradation, in terms 
of structure (Table 4.1). It was not possible to formally assess variation as a result of 
different impacts or within bioclimatic regions, due to the wide range of methodologies 
and broad diversity of variables measures/estimated. However, it appears that vegetation 
responses tend to be relatively uniform, with degradation leading to a reduction in mean 
canopy height and cover, tree density, tree diameter, tree species richness and leaf litter 
cover, and an increase in the density of herb and shrub layers. In general, vegetation 
structural complexity is higher in non-degraded forests. 
 
4.3.11 Overall effects on biodiversity 
There was a notable level of variation in the impacts of habitat change on Madagascar’s 
terrestrial biodiversity in terms of species abundance/density and assemblage 
composition, both between and within different taxonomic groups. Of the studies in 
which the data generated explicit conclusions, 10 papers found that habitat change had a 
positive impact on biodiversity, 14 demonstrated a neutral or mixed response, and 20 
demonstrated a negative response. Differences in methodology, focal species, ecosystems, 
and types of anthropogenic impacts between these studies make it difficult to draw out 
general conclusions. In some cases, species responses were highly idiosyncratic, 
including different responses to the same type of habitat degradation between members of 
the same genus (Coua; Chouteau 2004; Chouteau et al. 2004), and the same species 
(Foudia omissa) in different regions (Langrand and Wilmé 1997; Watson et al. 2004a). 
These findings suggest that, given the diversity of Madagascar’s biota, ecosystems and 
social-ecological interactions, it is probably unrealistic to search for rules-of-thumb to 


















Increase in trails, logging debris and density of herb-
layer, decrease in canopy tree size, number of species, 
depth of litter layer and regeneration of woody 
species. Predicted to lead in long-term to decline in 
tree species diversity. 
Chouteau (2004) Dry Selective 
logging 
Understory vegetation denser and canopy more sparse 
in logged areas. 
Hawkins (1993) Dry Selective 
logging 





Leaf litter depth and large tree density decrease, herb 
layer and shrub layer increase in logged areas. 




Reduction in canopy cover. 




Increase in herb layer, woody understory and rotting 
wood, reduction in tree density. 
Ganzhorn (1995) Dry Selective 
logging 
Increased light availability to remaining trees 





Tree densities significantly lower in secondary forest 
for all size classes. Tree species richness and diversity 
significantly higher in relatively undisturbed forest. 




Forest gaps colonized by heliophilous vegetation. 




Herbaceous cover increased and canopy cover 





Reduction in tree height and diameter, and increase in 








Fire Only 1 of 7 forest tree species survived fire, and 
regeneration of other species was low. Thicket species 
survive better and dominate regenerating cohort. 
Chouteau et al. 
(2004) 
Dry Fire Increase in understory vegetation and decrease in 




Dry Fire Increase in density of understory vegetation. 
Jenkins et al. 
(2003) 
Dry Fire Bamboo and ground fern density significantly lower 
in regenerating forest. 
Table 4.1 Summary of vegetation responses to a range of anthropogenic impacts on 
forests in Madagascar. DBH = diameter at breast height  
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Lehman (2007) Humid Edge  
effects 
Trees at forest edge had significantly lower height 
and diameter than in forest interior, and lower stem 
density. 
Lehman et al. 
(2006a) 
Humid Edge  
effects 
Significant negative edge effects on the density and 
size of lemur food trees. 
Lehman et al. 
(2006c) 
Humid Edge  
effects 
Tree height and diameter lower at forest edge. 







Forest edge has significantly greater shrub cover, but 
reduced canopy cover and leaf litter cover. 
Arrigo-Nelson and 
Wright (2004) 
Humid Edge  
effects 
Small-culm bamboo is more abundant in forest edges 
and gaps. 
Vallan (2002) Humid Secondary 
forest 
Undisturbed forest has greater vegetation structural 
complexity. 
Stephenson (1995) Humid Secondary 
forest 
Light penetration, woody stem density and tree fern 
density higher in secondary forest; woody species 
number, herbaceous species number, herbaceous 
stem density,  percentage herbaceous cover, fallen 
log dispersion, percentage exposed rock and liana 
stem density higher in relatively undisturbed forest. 







Density of small (DBH < 10cm) and especially large 
(DBH > 10cm) trees is reduced in more degraded 
patches. 







Average tree height and diameter decrease with 
increasing degradation. 




Reduction in canopy height and leaf litter depth in 
degraded areas. 
Metcalf et al. 
(2005) 
Dry Paths Thin opening of canopy above paths. 
 
4.3.12 Impacts by forest ecosystem type 
Although it is not possible to perform a formal meta-analysis of the reviewed papers, the 
data appear to indicate that there may be differences in the degree of disturbance 
sensitivity of faunal taxonomic groups between humid and dry forest ecosystems (Table 
4.2). In total, 61 % of studies carried out within humid forests demonstrated negative 
impacts on biodiversity associated with habitat change, while 19 % of studies carried out 
in dry forests showed habitat change to have a negative impact. 
109 
Chapter 4 
Impacts of habitat change review 













Birds 1 0 1 4 4 0 
Amphibians 0 2 1 0 0 0 
Reptiles 0 1 1 1 1 0 
Herpetofauna 0 0 1 0 0 0 
Small mammals 0 1 3 0 2 1 
Lemurs 3 1 7 1 0 2 
Total 4 5 14 6 7 3 
Taxonomic 
group  
Table 4.2 Summary of species or community responses of a range of vertebrate 
groups to anthropogenic degradation of humid and dry forests. Positive and negative 
impacts refer to increases or decreases, respectively, in either richness or abundance.   
 
While these findings appear to indicate that dry forest taxa are less disturbance-sensitive 
than those in humid forest, the results should be interpreted with caution and a number of 
caveats must be stressed. Firstly, the humid forest sample largely comprised lemur 
research (generally demonstrating negative impacts), while the dry forest sample was 
biased by research into birds (demonstrating positive and neutral impacts), and the 
avifauna is clearly less forest-dependent that the order Primata. Secondly, it is important 
to note that the extent and intensity of habitat degradation has not been controlled for, and 
much of the research from dry forests has been carried out at Kirindy/CFPF where 
modifications are restricted to low-intensity logging. 
 
If faunal species and communities of dry and humid forests do respond differently to 
habitat change, this may reflect variation in the degree of heterogeneity between the 
ecosystems, and thus the diversity of habitat specialisation amongst their constituent 
species. The literature suggests two possible mechanisms for such differences. Seddon 
and Tobias (2007) note that because of the “sparse, deciduous nature” of the Mikea forest, 
an increase in light within and around forest gaps and edges makes little difference to the 
understory. Dry forests may therefore be less susceptible to the impacts of habitat 
disturbance because natural light penetration is greater compared to the darker humid 
forests, meaning that modification has less of an influence on prevailing abiotic 
conditions. The second hypothesis stems from the high climatic variability of 
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Madagascar’s dry regions compared to the humid east, in terms of larger inter-annual 
variation in rainfall (Dewar and Richard 2007) and greater intra-annual variation in 
temperature (Donque 1972), which dry forest species may be adapted to. 
 
4.3.13 Effects on community composition  
While the reviewed body of research fails to provide an equivocal answer to the question 
of whether anthropogenic habitat degradation has negative impacts on overall 
biodiversity, there is strong evidence that degradation leads to community turnover from 
specialist to generalist species, and/or endemic to non-endemic species. This has been 
observed in bird (Andrianarimisa 1992; Goodman et al. 1996; Watson et al. 2004a; Woog 
et al. 2006), amphibian (Andreone 1994; Vallan 2002; Vallan et al. 2004) and small 
mammal communities (Goodman 1995; Lehtonen et al. 2001; Rasolonandrasana and 
Goodman 2006; Stephenson 1993, 1995). 
 
The relative increase of widespread habitat generalists in degraded habitat, at the expense 
of forest specialists, is a concern for conservationists as it results in the homogenisation of 
biodiversity (McKinny and Lockwood 1999). This is particularly pertinent in Madagascar 
where the majority of the endemic biota are forest specialists (Goodman and Benstead 
2005), and the level of habitat specialisation and taxonomic level of endemism are 
correlated for some taxonomic groups (e.g. birds; Wilmé 1996). Habitat degradation is 
therefore expected to impact most heavily on the island’s endemic taxa, which represent 
the most important and valuable component of the biota. 
 
4.3.14 Source-sink dynamics and population viability 
Much of the research presented here suggests that modified or degraded habitats can 
support levels of species diversity, and population densities of particular species, that can 
match or even exceed that of undisturbed forests, at least in the short term. However, very 
little research has investigated the long-term viability of biodiversity in degraded forest 
areas. It could be that these habitats are sub-optimal for some taxa and thus act as 
population sinks, being maintained only through immigration from adjacent source areas 
(Pulliam 1988). For example, Jenkins et al. (2003) found four Calumma spp. at their post-
fire regeneration study site, but speculated that chameleon abundance in these areas is 
probably maintained by dispersal from contiguous low-disturbance forest, or through 
recruitment from eggs laid before the fire, and that such secondary forests would probably 
not support viable chameleon populations in the long term. Likewise, several researchers 
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have reported that Microcebus spp. tolerate degraded habitats (Andrianasolo et al. 2006; 
Ganzhorn 1995; Lehman et al. 2006a, b), giving the impression that such areas offer 
suitable habitat for these species. However, Ganzhorn and Schmid (1998) discovered that 
while M. murinus occurred in secondary forests in Menabe, it did so at lower densities 
than in relatively undisturbed forest and had lower body mass and reduced survivorship; 
in addition, it was less likely to enter into energy-saving torpor due to the higher ambient 
temperatures of secondary habitats. Although not explicitly stated by the authors, it is 
possible that the Microcebus population within the secondary forests studied functions as 
a sink. Finally, while Pons and Wendenburg (2005) found an increase in species richness 
in regenerating forests compared to relatively undisturbed forests, they suggested that this 
may “conceal potential demographic problems for certain species” (i.e. in situ recruitment 
may not offset mortality). 
 
4.3.15 Types of habitat change 
As one might expect, the papers examined here indicate a positive relationship between 
the extent/intensity of habitat modification and severity of the impact on either species 
richness/abundance. Selective logging appears to have the least influence on biodiversity, 
with many studies reporting either no impact or a positive impact (Bloxam et al. 1996; 
Ganzhorn 1995; Ganzhorn et al. 1996; Hawkins 1993; Hawkins and Wilmé 1996; 
Merenlender et al. 1998; Vallan et al. 2004). Jenkins et al. (2003) discovered that while 
selective logging did negatively affect chameleon densities, it was less damaging than 
fire, a finding also observed by Lehtonen et al. (2001) for rodent communities. Research 
into edge effects has provided contradictory results for bird communities (Watson et al. 
(2004a) recorded a decrease in species richness, while Woog et al. (2006) found the 
reverse), and mixed results for herpetofauna (Lehtinen et al. 2003) and lemurs (Lehman et 
al. 2006a, 2006b). 
 
Regenerating or secondary forests have been shown to be more species rich than 
relatively undisturbed forests for birds (Andrianarimisa 1992; Pons and Wendenberg 
2005), but less diverse for amphibians (Vallan 2002) and endemic small mammals 
(Stephenson 1995). Rasolonandrasana and Goodman (2006) found no significant change 
in small mammal species richness in high mountain sclerophyllous forests regenerating 
after fire, in comparison to unburnt areas. Although little research has been carried out 
into the biodiversity value of plantations (representing the greatest degree of human 
modification), Ganzhorn (1987) found them to be sub-optimal for all lemur species, 
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irrespective of whether the trees were native or exotic, and Vallan (2002) reported that 
Eucalyptus plantations support only 46 % of the number of frog species recorded in 
natural forests. 
 
4.4 Discussion  
The research reviewed herein has focused on the impacts of a range of human actions on 
Madagascar’s biodiversity. The types of anthropogenic habitat change investigated arise 
both from activities that may be authorised within new multiple-use protected areas, such 
as grazing and non-timber forest product collection, and others that are not permitted, 
including industrial selective logging and fire. The latter were still deemed important 
because the outcomes of such studies are likely to be closely analogous to effects of small
-scale selective logging for timber and charcoal production. The insights generated from 
such research were thus considered directly relevant to the management of multiple-use 
protected areas. 
 
4.4.1 Future Research Priorities 
Assessing different types of habitat modification  
The impacts of fire, selective logging, paths, and edge effects on biodiversity have all 
been the subject of some research in Madagascar (Figure 4.2), in one or more taxonomic 
groups and across various natural ecosystems. However, certain types of forest use or 
modification, have been overlooked to date. Perhaps the most important of these is the 
grazing and browsing of livestock, which would be expected to have some effect on forest 
structure and composition, as has been demonstrated on other continents (e.g. Enright and 
Miller 2007; Evans et al. 2006; Mata-González et al. 2007). Livestock primarily graze 
and browse vegetation within reach of the ground, clearly influencing patterns of 
regeneration. If some species are unpalatable to livestock, they might be expected to 
increase in dominance; this is thought to be the case within the PK32-Ranobe protected 
area where the spiny Didierea madagascariensis (Didiereaceae) appears to be more 
dominant in heavily grazed areas (P.-J. Rakotomalaza, pers. comm.). Domestic livestock 
may also act as seed predators. For example, in Tsimanampetsotsa National Park, 
livestock predate the seeds of the southern endemic genera Lemuropisum (Fabaceae) and 
Androya (Scrophulariaceae), thereby inhibiting reproduction (MNP 2008). 
 
There are a number of reasons why an understanding of the impacts of grazing is 
important for the management of new, multiple-use protected areas. Firstly, grazing is 
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prevalent in most protected areas within the dry regions of Madagascar, and it provides a 
strong incentive for forest conservation by pastoralist communities, as standing forests 
serve to shelter cattle from rustlers (Kaufmann and Tsirahamba 2006; Rabesahala 
Horning 2003, although see Réau 2002). In addition, the rearing of cattle is culturally 
important to the peoples of the dry regions of the island (Evers and van der Zwan 1998). 
Hence, grazing cannot be restricted within co-managed protected areas without: i) 
removing incentives for forest conservation; and, ii) risking conflict between protected 
area authorities and local communities and management structures, leading to the erosion 
of local support for the protected areas (Gardner et al. 2008). 
 
The second major understudied use of forests is the collection of firewood, even though 
this is amongst the most common and important ways that forests are exploited by local 
communities throughout Madagascar. While collectors normally target deadwood, and 
therefore may not impact forest structure, rotting wood provides an important habitat for a 
number of endemic vertebrate taxa (Glaw and Vences 2007; Stephenson 2003), as well as 
economically important bee species (Bodin et al. 2006). Large scale removal of 
deadwood from forests could also be expected to disrupt the essential processes of 
decomposition and nutrient cycling (Golley 1977). 
 
Quantification of habitat modification intensity 
Our knowledge of the impacts of forest degradation is hampered by variation in the 
methods and scope of the studies conducted, most of which fail to explicitly quantify 
habitat change, instead classifying the degree of alteration using qualitative terms such as 
‘low-impact’ and ‘high-impact’. In future, researchers should quantify the intensity of 
human-induced modification through the measurement of a standardised set of micro- and 
macro-habitat variables, such as those employed by Stephenson (1995).    
 
Widening the biogeographical focus 
Almost two thirds (63.5 %) of reviewed publications were based on studies carried out in 
the humid and sub-humid regions, including the southeast littoral forests (Figure 4.3), 
with a further 32.7 % conducted in the dry region. To a large extent this may reflect the 
existence of forest areas in which conditions or management regimes can provide natural 
experiments into particular phenomena (e.g. selective logging in Kirindy/CFPF, 
fragmentation in Ambohitantely and the southeast littoral forests). In contrast, the sub-
arid region (spiny forest) of the south is under-represented in terms of existing research. 
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The lack of information is a concern given that they: i) currently suffer the fastest rates of 
forest loss in the country (MEFT et al. 2009); ii) possess high rates of local endemism for 
some taxonomic groups (Phillipson 1996; Stattersfield et al. 1998); and, iii) are deemed to 
be particularly susceptible to degradation due to their low capacity for regeneration 
(Rioux Paquette 2008; Seddon et al. 2000; Soarimalala and Raherilalao 2008, although 
see Elmqvist et al. 2007). In addition, little research has been carried out in high altitude 
areas (two papers), although the biodiversity of the high mountain domain is threatened 
primarily by climate change rather than human activity (Raxworthy et al. 2008). 
 
Improving taxonomic representation 
While birds, reptiles, amphibians, small mammals, lemurs, and to a lesser extent bats 
have received some research attention, there is a paucity of information in relation to 
other taxonomic groups. Amongst the reptiles, for instance, studies have focused on 
chameleons (probably reflecting the relative ease of surveying chameleons at night), 
meaning that little is known about the disturbance sensitivity of other lizards, snakes, or 
chelonians. The latter is particularly surprising given that all four of Madagascar’s 
indigenous species of terrestrial chelonian are now classified as Critically Endangered 
(IUCN 2008). Although habitat degradation is not among the main threats suffered by any 
of these species (the two primary drivers of decline are hunting for domestic 
consumption, particularly in the case of Astrochelys radiata (Leuteritz et al. 2005; 
O’Brien et al. 2003) and collection for the international pet trade (Pedrono and Smith 
2003; Walker et al. 2004)), a deeper understanding of species responses would allow 
conservation practitioners to advance and implement appropriate management plans. 
 
Bird communities have been well studied in both the dry and humid forest ecosystems of 
Madagascar, although research centred on the impacts of habitat degradation on particular 
species is limited to the country’s dry regions, and knowledge of the responses of 
endemic terrestrial, understory, and canopy insectivores of the humid forests is limited. 
Only one study was found investigating the effects of forest modification on invertebrates 
(Olson and Andrimiadana 1996). Further research into the disturbance response of 
invertebrate communities in a range of ecosystems would provide insight into the 
mechanisms by which habitat degradation influences certain vertebrate species (e.g. 
Afrosoricida and insectivorous birds). Moreover, understanding the differential impacts of 
degradation on invertebrate functional groups, such as pollinators and detritivores, is a 
crucial step in appreciating potential cascade effects and ecosystem decay (defined as the 
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sequential loss of species and erosion of ecosystem function triggered by habitat 
fragmentation or other disturbances; Laurance et al. 2002). 
 
The need for long-term research 
The reviewed research consists almost entirely of short-term responses of select 
taxonomic groups to forest degradation, although few papers reported the elapsed time 
following disturbance (range 0-45 years, mean = 11.1 years, median = 8 years, n = 9). 
Therefore, little is known about the long-term effects on ecological processes and 
ecosystem function resulting from the loss or reduction in density of certain species, or 
shifts in community composition. In some cases, this may be relatively easy to predict; 
for example, many lemur species are known to be important seed dispersers (Birkinshaw 
2001; Bollen et al. 2004a, b; Dew and Wright 1998; Ganzhorn et al. 1999; Lahann 2007; 
Spehn and Ganzhorn 2000), so their disappearance from forests (through hunting or 
habitat degradation) is expected to lead to a decline in plant species adapted to lemur 
dispersal (Ganzhorn et al. 1999). Other cascade effects, including the loss of insect 
pollinators dependent on tree holes/deadwood for reproduction, or disequilibrium 
resulting from declines in predators or competitors, are likely to occur within forests 
modified by human agency. Further research is needed to identify such impacts, and 
inform their mitigation, if Madagascar’s new generation of multiple-use protected areas 
are to successfully conserve the country’s unique biodiversity. 
 
Most of the studies comprise temporal ‘snapshots’ of species responses to habitat change, 
which may not be sufficient to accurately detect emerging population trends as a result of 
degradation, and may even give the misleading impression that such habitats remain 
suitable in the longer-term. A number of authors have suggested that while a species may 
persist in a degraded habitat for some time after disturbance has occurred, local 
populations are maintained via source-sink dynamics and immigration from non-degraded 
areas (e.g. Ganzhorn and Schmid 1998; Jenkins et al. 2003; Merenlender et al. 1998; 
Pons and Wendenburg 2005). It is essential that long-term research is carried out into the 
dynamics of disturbance-sensitive taxa (especially those of high conservation priority) to 
determine whether or not species are subject to extinction debt (Kuussaari et al. 2009), if 
we are to understand the factors influencing their long-term viability and manage 
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Reconciling resource use and conservation 
New multiple-use protected areas, with the twin management objectives of conserving 
biodiversity and contributing to sustainable rural development, must attempt to 
simultaneously maximise their value for two different groups of stakeholders. It is not 
possible, however, to plan protected area management to achieve these duals aims 
without a detailed appreciation of how forest use influences both conservation and socio-
economic values. While the research reviewed here provides an insight into the impacts 
of habitat change on biodiversity, we have little idea of how it may affect the generation 
of ecosystem goods and services of local economic or cultural importance. Studies 
addressing the potential synergies and trade-offs between conservation and forest use are 
required, therefore, to provide an evidence-base to support management/policy decision-
making. 
 
4.4.2 Implications for conservation and protected area management 
Protected area design and zoning 
Most of the newly-established or proposed Durban Vision protected areas are composed 
of large expanses of sustainable use zone, with relatively small sections designated for 
strict conservation. For example, the new protected area of Ankodida has a total surface 
area of 10,744 ha, of which 2019 ha (18.8 %) is designated as a priority conservation 
zone, with the remaining 8725 ha composed of zones for activities such as charcoal 
production and wood exploitation (WWF 2008). The zoning of new protected areas, 
particularly those that are co-managed by local community associations, must account for 
human requirements in terms of access to natural resources or culturally important sites 
(GoM 2006; SAPM 2007). Nevertheless, it remains essential that protected areas be 
designed so as to maximise the long-term viability of biodiversity. 
 
Taxa that are highly sensitive to degradation may not maintain viable populations in 
forest areas zoned for extractive use, with the result that undisturbed habitat patches may 
function as ecological islands within an unsuitable matrix. Without adequate knowledge 
of the ecological requirements of target species, protected area managers may assume that 
the species will persist in the long-term throughout the forest mosaic. Research from the 
fields of island biogeography and meta-population dynamics has long been used to inform 
protected area design (Whittaker 1998; Whittaker et al. 2005), in order to maintain 
species’ and ecosystem viability within human-dominated landscapes, and such theories 
should equally be applied to the creation of new, multiple-use protected areas in 
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Madagascar. While the zoning of protected areas is often constrained by other priorities 
(e.g. social), it is essential that the spatial distribution of conservation, sustainable use, 
and restoration zones is designed to maximise persistence of disturbance-sensitive 
conservation targets. 
 
Protected area management objectives 
In some circumstances, habitat modification can lead to comparable or higher levels of 
biodiversity than that in equivalent unmodified habitats, when species richness is used as 
a metric. However, this can mask a shift in community composition from forest 
specialists to generalists. All species are not equal in terms of conservation importance, 
and in Madagascar most endemic species are restricted to forests and show a greater 
degree of habitat specialisation than non-endemic taxa (Goodman and Benstead 2005; 
Wilmé, 1996). As species richness is a poor proxy of conservation value (Barlow et al. 
2007; Gardner et al. 2007a), protected area managers must decide whether their objective 
is to conserve overall levels of biodiversity, or whether they intend to provide effective 
protection for certain target species, taxonomic groups or ecosystems of conservation 
importance. Any changes to forest habitats within protected areas as a result of human use 
will influence a whole range of species; for some the outcome will be positive, but for 
many it will be negative, and it is the taxa of greatest conservation value that are most 
likely to experience damaging impacts. Protected area managers must therefore pursue 
the conservation of species that are of notable importance (e.g. globally threatened 
species, local endemics or species under-represented within the protected area system). 
The use of target-driven management planning systems by protected areas in Madagascar 
should allow managers to focus objectives and actions in this way. 
 
Reconciling natural resource use and conservation 
Much of the literature reviewed herein reflects the well-established pattern in ecology that 
low or intermediate levels of forest disturbance can promote species richness (the 
‘intermediate disturbance hypothesis’; Connell 1978). While this implies that 
Madagascar’s new generation of multiple-use protected areas may be effective in 
protecting biodiversity if disturbance can be limited to ‘intermediate levels’ (but please 
see ‘Effects on community composition’ above), protected area managers are currently 
not in a position to identify the appropriate levels of natural resource use that optimise 
prevailing conditions for biodiversity. Identification of the modification threshold over 
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which activities become detrimental to species or communities is critical to reconciling 
forest use and conservation. 
 
Protected area management worldwide is constrained by a lack of funding (Balmford and 
Whitten 2003; James et al. 1999), particularly so in developing countries (Balmford et al. 
2003; Bruner et al. 2004). Given the scarcity of available financial resources and the high 
costs associated with establishing new protected areas, it is probable that research budgets 
will not be sufficient to provide the evidence-base necessary to underpin fully-informed 
management decision-making. Without knowledge of the types and intensity of habitat 
alterations that are acceptable, in terms of having no significant negative impacts on 
biodiversity, the precautionary principal (Principal 15 of the Convention on Biological 
Diversity; CBD 1992) suggests that such forest use should be prohibited or strictly 
controlled. Adherence to this principal is not, however, an option for the managers of new 
protected areas in Madagascar, because such sites must contribute to national 
development goals and the safeguarding of local livelihoods. Consequently, the only 
option is to carry out regular monitoring to evaluate the impacts of forest use and to alter 
management regimes accordingly, a process referred to as adaptive management 
(Plummer and Fennell 2009; Prato 2009). Whether true adaptive management is possible 
within the context of new, co-managed protected areas in Madagascar remains to be seen, 
as the requirements of local communities may constrain available management options. 
For instance, if the extraction of fuel-wood within a sustainable use zone is found to be 
having negative impacts on biodiversity, it may not be possible to reduce permitted 
extraction rates without diminishing the support of the protected area by local 
communities. 
 
Monitoring and evaluation 
Ecological monitoring is vital for protected area managers to evaluate the effectiveness of 
their management and, if necessary, adapt and change; this is particularly important for 
protected areas in which the harvesting of natural resources by local communities is 
permitted (Kremen et al. 1998). Nevertheless, it is expensive and places a great strain on 
protected area management budgets, so must be done in a manner that effectively detect 
population trends at minimal cost (Danielsen et al. 2005; Hockley et al. 2005). The choice 
of taxa for monitoring must not be based simply on considerations of feasibility, but must 
explicitly target those that are sensitive to disturbance and will therefore act as effective 
indicators. Similarly, logistical ease should not be the primary factor behind the selection 
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of areas in which monitoring is carried out. As forest can be difficult to work in, 
monitoring is normally carried out along existing path systems, yet paths represent 
modified habitats in their own right and so should not be used to conduct research into 
biodiversity within undisturbed habitats (Jenkins et al. 1999; Metcalf et al. 2005). 
 
Evaluating viability and extinction risk 
Most new and existing protected areas in Madagascar use the target-based 5S or Miradi 
management planning systems, whereby conservation strategies are developed based on 
an assessment of threats and of the viability of designated conservation targets (i.e. 
species or habitats). An understanding of how the long-term population viability of 
species is impacted by habitat degradation and disturbance is thus vital. Frequently, the 
extent of remaining habitat is used as a proxy of population size, but this measure is not 
necessarily a reliable surrogate. A forest block of 10,000 ha, for example, may provide 
10,000 ha of suitable habitat for a species that is tolerant of edge effects and moderate 
degradation, but substantially less for a species dependent on intact forest, if this is 
restricted to a smaller core. 
 
The vulnerability of species to habitat degradation is also important in evaluating global 
extinction risk, yet this is not amongst the criteria utilised in determining threat status by 
the IUCN (IUCN 2008). Raxworthy and Nussbaum (2000) highlight the problems with 
IUCN Red List classifications for Malagasy herpetofauna, which reflect a historical bias 
towards the conservation of chelonians and boid snakes. To illustrate, Madagascar’s three 
boa species are classified as globally Vulnerable (IUCN 2008), yet they all are tolerant of 
habitat degradation and even survive in agricultural land and villages; because the loss of 
forests alone does not result in their extirpation, they appear to be at much lower risk of 
extinction than species which are dependent on relatively undisturbed forest (Raxworthy 
and Nussbaum 2000)1. Another example of this point is provided by two sympatric bird 
species restricted to the Mikea forest of southwest Madagascar, Monias benschi and 
Uratelornis chimaera, which are both classified as globally Vulnerable (IUCN 2008) 
based on rates of habitat loss and associated population decline. The global population of 
M. benschi is estimated at over 100,000 individuals (Tobias and Seddon 2002), while that 
of U. chimaera is estimated at around 20,000 (Seddon and Tobias 2007). While M. 
benschi is considerably more abundant within relatively undisturbed habitat, the Mikea 
forest is increasingly degraded over much of its extent (Seddon et al. 2000), creating 
1Following publication of this chapter, and in recognition of the argument cited here, the three boa species 
were downgraded to Least Concern in the 2013 IUCN Red List assessment of Malagasy reptiles. 
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conditions more favourable to U. chimaera. Despite having a much smaller population 
size and similar extent of occurrence, Seddon and Tobias (2007) suggest that U. chimaera 
may be less vulnerable to extinction than M. benschi, due to its tolerance of forest 
degradation. 
 
Prioritisation of conservation areas 
Research conducted into the conservation value of strict and multiple-use protected areas 
in eastern Africa has shown that while species richness did not decrease in less well-
protected areas, these sites did harbour distinctly different communities (Gardner et al. 
2007b). The conclusion from these studies is that both strict protected areas and sites 
permitting human resource use are required to ensure the conservation of the full 
complement of the biota of a landscape. This mirrors findings in other continental areas, 
which also suggest that maintaining a mosaic of pristine and disturbed habitats across a 
landscape is necessary to ensure maximum biodiversity is conserved (e.g. European birds, 
Pons et al. 2003b; African birds, Borghesio 2008; North American snakes, Todd and 
Andrews 2008). 
 
However, the Malagasy fauna differs from continental faunas since a much higher 
proportion of the taxa are specialist species that are adapted to natural forest 
environments. While multiple-use protected areas on continents support a high diversity 
of species not found within forests, this is less significant for conservation in Madagascar, 
where the majority of important species (i.e. endemics) are forest-dependent (Goodman 
and Benstead 2005; Wilmé 1996). This presents a dilemma for Madagascar, where, with 
limited funds, the government and conservationists are in the process of establishing a 
large number of new multiple-use protected areas, while simultaneously maintaining the 
well-established network of strict protected areas. If human forest use in the new 
protected areas is not well managed and optimised to meet biodiversity targets, then we 
are likely to see the gradual, successive loss of disturbance-sensitive species and a 
homogenisation of the fauna across the sites, which would only serve to increase the 
importance of the Madagascar National Parks network of strictly-protected areas. It is 
therefore imperative that the Durban Vision does not draw conservation funds and 
attention away from strict protected areas, which must continue to be promoted and 
managed as the ‘crown jewels’ of the national protected area system. The Madagascar 
Biodiversity Fund (Fondation pour les Aires Protégées et la Biodiversité de Madagascar) 
has been established as a sustainable financing mechanism for Madagascar’s protected 
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areas (Klug et al. 2003), requiring site managers to demonstrate successful biodiversity 
conservation and the contribution to biodiversity representation within SAPM (M. Nicoll, 
pers. comm.). Such mechanisms should help ensure that conservation attention remains 
focused on the most important protected areas. 
 
4.5 Conclusion 
The Durban Vision, which entails the tripling of Madagascar’s protected area coverage, 
will help slow the loss of forests and is undoubtedly a great boost to the conservation of 
the country’s unique biodiversity. Much of the expanded protected area system, however, 
will be used to satisfy local subsistence needs, and the biodiversity therein will be under 
pressure from anthropogenic habitat modification. Conservation practitioners, policy-
makers, and funders cannot therefore assume that the expansion of the protected area 
system alone will be sufficient to ensure the conservation of high-value, disturbance-
sensitive taxa. Careful consideration must be given to the design and management of new, 
multiple-use protected areas if they are to succeed in conserving biodiversity while 
simultaneously contributing to national development objectives.  
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Abstract 
There are insufficient resources available to manage the world’s existing protected area 
portfolio effectively, so the most important sites should be prioritised in investment 
decision-making. Sophisticated conservation planning and assessment tools have been 
developed and used to identify locations for new protected areas. However, decision-
makers in many countries lack the institutional support and necessary capacity to use the 
associated software, as well as being hindered by data availability. As such, simple 
heuristic approaches such as species richness or number of threatened species are 
generally adopted to inform prioritisation decisions. Using the reptile fauna of 
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Madagascar’s dry forests as a case study, we evaluate the performance of four site 
prioritisation protocols used to rank the conservation value of 22 protected and 
unprotected sites. We compare the results to a benchmark produced by the widely-used, 
gold-standard systematic conservation planning software Zonation. The four indices 
scored sites on the basis of: i) species richness; ii) an index based on species’ Red List 
status; iii) irreplaceability (the foundation of systematic conservation planning); and, iv) a 
novel conservation value index (CVI), which incorporates species-level information on 
endemism, representation in the protected area system, tolerance of habitat degradation 
and hunting/collection pressure. Rankings produced by the four protocols were positively 
correlated to the results of Zonation, but CVI and irreplaceability performed better than 
species richness and the Red List index. Given the constraints of data availability and 
capacity experienced by decision-makers in the developing world, our findings suggest 
that simple metrics using readily-available data can represent a useful alternative to more 
sophisticated analyses, particularly when they integrate species-specific information 
related to extinction risk. 
 
5.1 Introduction 
Conservation is severely under-resourced globally (James et al. 1999; Waldron et al. 
2014), but particularly in tropical developing countries where biodiversity is concentrated 
(Balmford et al. 2003; Bruner et al. 2004), so interventions must be prioritised to ensure 
maximum impact. The principal strategy for conserving biodiversity is the establishment 
of protected areas, which now cover almost 13 % of the world’s land surface (Bertzky et 
al. 2012; Jenkins and Joppa 2009). However, protected areas vary greatly in the value of 
their constituent biodiversity (Le Saout et al. 2013; Rodrigues et al. 2004), having largely 
been established in landscapes where opportunity costs have been lowest (Barr et al. 
2013; Joppa and Pfaff 2011; Pressey 1994), rather than the most important areas for 
conservation (Beresford et al. 2011; Brooks et al. 2004a). 
 
While protected areas can be effective in reducing the pressures that threaten biodiversity 
(Brooks et al. 2009; Joppa and Pfaff 2011; Nelson and Chomitz 2011), this is dependent 
on investment in active management (Bruner et al. 2001). Some sites, ‘paper parks’, lack 
any management at all (Brandon et al. 1998). Ongoing deforestation and forest 
degradation in protected areas worldwide (e.g. Allnutt et al. 2013; Gaveau et al. 2009; 
Tang et al. 2010) suggests that there are more protected areas than can be resourced and 
managed effectively in some countries. Therefore, protected area portfolios should be 
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subjected to triage (Bottrill et al. 2008), because conservation goals will be best achieved 
if available investment is targeted preferentially towards the most important sites (Fuller 
et al. 2010). 
 
Decisions regarding the selection of priority areas from within existing protected area 
networks should be evidence-based. However, such choices are almost always made by 
state-mandated protected area management agencies, non-governmental organisations and 
conservation funding bodies (henceforth decision-makers), actors who do not tend to 
make systematic use of scientific tools and approaches in decision-making (Cook et al. 
2010; Pullin and Knight 2005; Pullin et al. 2004). Indeed, their priorities may be 
influenced by the (often implicit) values held by individuals and organisations (Game et 
al. 2013; Marris 2007; Pullin et al. 2013; Wilson 2008), rather than rational, explicit 
methods, which may lead to suboptimal results. 
 
A range of metrics and approaches can be used to provide an evidence-base for protected 
area prioritisation and triage, including the sophisticated and gold-standard software tools 
developed for systematic conservation planning and assessments (i.e. to inform the design 
of protected area portfolios where the representation and persistence of biodiversity are 
maximised for least cost) (Margules and Pressey 2000). However, the uptake and use of 
such tools by decision-makers is limited by the need for specific training, data availability 
(e.g. cost layer information) and institutional support (Bottrill and Pressey 2012; Gaston 
et al. 2008). As a result, prioritisation decisions continue to be carried out based on 
simple measures such as richness of threatened species, or without any evidence base at 
all (e.g. Schwitzer et al. 2013, 2014). 
 
Given that outputs from conservation planning tools are rarely applied in the context of 
prioritisation across existing protected area portfolios, it is important to assess the 
performance of the different metrics that can be, or are, used in such circumstances. In 
this paper, we evaluate four simple indices, including a novel Conservation Value Index 
(CVI), that could be used to identify priority sites for reptile conservation from a network 
of 22 designated and proposed protected areas in the dry regions of Madagascar. We 
benchmark our findings against the site ranking produced using the widely-used 
systematic planning software, Zonation, and consider the relative strengths and 
weaknesses of each approach, given the constraints of data availability that may hinder 
conservation decision-making. 
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5.2 Materials and methods 
5.2.1 Study region and taxa 
Madagascar is one of the world’s top conservation priorities (Brooks et al. 2006; Holt et 
al. 2013). Since 2003, it has been implementing its ‘Durban Vision’, an ambitious 
programme to extend the coverage of its protected area system from 1.7 million ha to 6 
million ha (Corson 2014; Raik 2007). Prior to this, all Malagasy protected areas were 
managed by the para-statal Madagascar National Parks (MNP) and were designated as 
IUCN category I, II or IV, with the primary objective of conserving biodiversity 
(Randrianandianina et al. 2003). The new generation of sites, however, is composed 
mainly of category III, V and VI multiple-use protected areas, managed for multiple socio
-economic objectives as well as the maintenance of biodiversity, and administered by a 
range of actors including local community associations, non-governmental organisations 
(NGOs) and decentralised state authorities (Gardner 2011; Gardner et al. 2013; Virah-
Sawmy et al. 2014). Together with the existing MNP protected areas, they form the 
Madagascar Protected Area System (SAPM).  
 
The location of new protected areas has been partially informed by gap analyses and 
systematic conservation planning (Kremen et al. 2008; Rasoavahiny et al. 2008), based 
purely on biodiversity data without the inclusion of cost information (Corson 2014), with 
the aim of maximising the representation of endemic biodiversity within SAPM. Over 
500 priority sites were identified, of which 93 have been granted definitive or temporary 
protected status (AGRECO 2012). The organisation(s) responsible for each protected 
area, which are primarily Malagasy and international NGOs, are expected to 
independently source the necessary funds to ensure its long-term management. However, 
the Madagascar Foundation for Protected Areas and Biodiversity has been created to meet 
emergency shortfalls for the ‘best’ protected areas, which are characterised as such based 
on factors including a site’s contribution to biodiversity representation within SAPM (M. 
Nicoll, pers. comm.). Thus, protected areas are essentially competing for funds from the 
same, limited, pool of financial support. In their management plans, individual protected 
areas promote their importance on the basis of species richness, as well as lists of 
threatened and locally endemic species. 
 
The freely available and comprehensive reptile inventory data from a range of sites in the 
contiguous dry regions of Madagascar make this taxonomic group an ideal case study for 
assessing the performance of prioritisation tools. The country’s reptile fauna is diverse, 
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comprising almost 400 species, with 92% of these being endemic (Goodman and 
Benstead 2005; Jenkins et al. 2014; Nagy et al. 2012). Many of the species are highly 
range restricted or micro-endemic (Jenkins et al. 2014; Vences et al. 2009), and the 
majority are forest-dependent (Glaw and Vences 2007; Jenkins et al. 2014; Raxworthy 
2003): given historical deforestation trends (Harper et al. 2007), such species may depend 
on the effective maintenance of protected areas for their long-term survival. The dry 
regions of Madagascar are composed of two ‘Global 200’ priority ecoregions: the 
Madagascar dry forests in the west, and the Madagascar spiny desert of the south and 
southwest (Olson and Dinerstein 1998). Although northern Madagascar also harbours dry 
forests, they are isolated from the western areas by a large band of humid forest and are 
excluded from this analysis. 
 
5.2.2 Biodiversity survey data 
We compiled a database of all known reptile inventories in western and southern 
Madagascar including both protected and currently unprotected sites (Fig. 5.1; Appendix 
1, Table A1.1), and supplemented these data with our own survey records (C. Raxworthy, 
unpublished data). All inventories used standard protocols including pit-fall traps and 
refuge searches (see references in the Supplementary Material, Appendix 1). The database 
included inventories of 22 sites, comprising eight national parks, seven new protected 
areas and seven hitherto unprotected sites which have been identified as potential sites for 
protected area designation (Fig. 5.1). Species taxonomy follows Glaw and Vences (2007) 
and subsequent revisions wherever the specific identity of split taxa is unambiguous 
(Cadle and Ineich 2008; Köhler et al. 2009; Nagy et al. 2010; Raxworthy et al. 2007). 
The database was cleaned by removing all records of species no longer considered valid 
(i.e. subsequently synonymised; n = 2), records that have not been described/identified to 
species level (n = 10), probable misidentifications (n = 5) and introduced species (n = 1). 
 
5.2.3 Simple site prioritisation indices 
Sites were ranked on the basis of four simple prioritisation protocols: i) species richness 
(a measure often used by decision-makers); ii) an index derived from species Red List 
status (IUCN 2012); iii) an irreplaceability index (the foundation of systematic 
conservation planning); and, iv) a conservation value index (CVI) in which species were 
scored on the basis of four attributes reflecting rarity and threat. For protocols 2, 3 and 4, 
scores were assigned to individual species and the site score (SS) was then calculated as 
the cumulative score of all species occurring there. 
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Figure 5.1 Map of Madagascar showing location of protected areas and unprotected 
sites used in prioritisation. National parks are indicated by black polygons, new 
protected areas by white polygons/squares, and unprotected sites by black circles: 1, 
Ankarafantsika; 2, Namoroka; 3, Andranomanintsy; 4, Kelifely; 5, Ankara; 6, Tsingy 
de Bemaraha; 7, Masoarivo; 8, Menabe Antimena; 9, Kirindy Mite; 10, Makay; 11, 
Berento; 12, Nosy-Ambositra; 13, Mikea; 14, Ranobe PK32; 15, Zombitse-
Vohibasia; 16, Tsinjoriake; 17, Amoron’i Onilahy; 18, Tsimanampesotse; 19, Nord 
Ifotaka; 20, Anadabolava-Betsimalaho; 21, Behara-Tranomaro, and; 22, Andohahela 
Parcel 2. The dry bioclimatic region is shown in light grey, and the sub-arid region in 
dark grey (following Cornet (1974)). The inset shows the position of Madagascar 
relative to mainland Africa. 
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Protocol 1 – Richness (SR) 
SSSR = r (where r is the species richness of a site) 
 
Protocol 2 – Red List Index (RL) 
Scores were assigned to species on the basis of their Red List rankings from the 2011 
Global Reptile Assessment for Madagascar (IUCN 2012), as follows: 5, Critically 
Endangered (CR); 4, Endangered (EN); 3, Vulnerable (VU); 2, Near Threatened (NT); 1, 
Least Concern (LC); 0, Data Deficient (DD) or Not Evaluated (NE). 
SSRL = ƩRLspecies 
 
Protocol 3 – Irreplaceability (IR) 
Using a method based on Brugière and Scholte (2013), where each species is weighted by 
the inverse of the number of protected areas in which it was recorded. 
IRspecies = 1/n (where n is the number of protected areas within the sample at which a 
species occurs) 
SSIR = Ʃ IRspecies 
 
Protocol 4 – Conservation Value Index (CVI) 
Scores were assigned to each species based on four attributes that reflect relative rarity 
and threat, and thus extinction risk. Rarity was assessed using geographical scale of 
endemism (E) and representation in protected areas within the study sample (R); for both 
these attributes, ‘rarer’ species score higher than widespread and well-represented 
species. Threat was based on hunting and collection pressure (C) and degradation 
tolerance (T), because these factors have a significant influence on the long-term viability 
of Madagascar’s reptiles (Jenkins et al. 2014; Raxworthy 2003). The relative tolerance of 
species to habitat modification is particularly critical (Daily 2001; Fischer et al. 2006; 
Gibbons et al. 2000; Jenkins et al. 2014) as most species in Madagascar are forest 
dependent (Raxworthy 2003), and forest loss and degradation outside of protected areas 
show no sign of reducing (Harper et al. 2007; ONE et al. 2013). Degradation-tolerant 
species may maintain viable populations in transformed environments outside protected 
areas (Gardner 2009; Gardner et al. 2009; Harris and Pimm 2004) and so assumed lower 
conservation priority within the CVI. Hunting for domestic consumption and collection 
for the global pet trade affect comparatively few species, but represent the primary 
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extinction threat to those that are targeted (Jenkins et al. 2014; Raxworthy and Nussbaum 
2000; Walker and Rafeliarisoa 2012). 
 
We assigned scores to each species on a scale of 1-5 for each attribute (Table 5.1). For E, 
we visually estimated range thresholds using distribution maps in Glaw and Vences 
(2007). Watershed-based biogeographical models (Wilmé et al. 2006) were not used to 
identify micro-endemic species because they are not a good proxy for local endemism in 
reptiles (Pearson and Raxworthy 2009). Instead we used 10,000 km2 (approximately 2% 
of Madagascar’s land surface) as the threshold range size to distinguish between micro-
endemics and endemic species restricted to a single bioclimatic region. R was scored on 
the basis of occurrences in protected areas within this study. C threat values were 
determined using CITES (Convention on International Trade in Endangered Species) 
listings and the literature on reptile declines in Madagascar. Scores for T were assigned on 
a review of the literature; species for which no degradation tolerance data were available 
were assumed to be degradation intolerant on the basis of the precautionary principle. 
  Rarity factors Threat factors 
Score Scale of endemism 
(E) 
Representation in 








Recorded in  12-15 
PAs (n > 75%) 
No known threat Tolerant of modified 
or artificial habitats 
2 Widespread 
endemic, occurring 
in dry and humid 
regions 
Recorded in 8-11 
PAs (45 > n < 
75%) 
N/A N/A 
3 Endemic to dry 
regions 
Recorded in 4-7 




Appendix I and 
II), but not likely 
to cause local 
extirpations 
Tolerant of edge 
effects, medium-
intensity degradation 
or secondary growth. 
4 Endemic to one 
bioclimatic regiona 
Recorded in 2-3 
PAs (10 > n < 
20%) 
N/A N/A 
5 Local endemic, 
range size estimated 
as < 10,000 km2 
Recorded in only 1 
PA (n < 10%) 
Threat known to 






Table 5.1 Attributes and scoring criteria used in Conservation Value Index (CVI) and 
Zonation assessments (E, C and T only). PA = protected area.  
a Following Cornet (1974) 
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Since rarity and threat are likely to interact in influencing species viability, summed rarity 
and threat values were multiplied to produce a CVI score (range: 4-100). 
CVIspecies = (E+R) x (C+T) 
SSCVI = Ʃ CVIspecies 
 
To test the sensitivity of CVI to variation in the weighting of individual attribute scores 
for species, we performed sensitivity analyses in which the relative weighting of each 
attribute was doubled. 
 
5.2.4 Zonation 
In order to produce a definitive benchmark against which to compare the site 
prioritisation protocols, we ran an assessment using a gold-standard systematic 
conservation planning software Zonation v3.1 (Moilanen et al. 2012). Zonation is a 
spatial conservation prioritisation framework which is based on species distributions 
defined using grid cells (Moilanen 2007). The underlying meta-algorithm starts from the 
full landscape and proceeds by iterative removal of cells (sites), at each step eliminating 
those which result in the smallest marginal loss in conservation value. The most important 
cells in the landscape are thus retained until last. Subsequently, Zonation produces a 
hierarchical ranking of conservation priority for each cell over the entire landscape 
(Moilanen et al. 2012). We therefore: i) converted the presence-absence data for each 
species into a raster grid format to identify the distribution of each species across the 
landscape; and, ii) used the Zonation additive-benefit function removal rule which bases 
selection on a cell’s weighted summed occurrence value over all species (Moilanen 
2007). With this cell removal rule, species occurrences are considered additive, so the cell 
that has the lowest value summed across all species will be removed at each step 
(Moilanen et al. 2012). The result is that species rich cells tend to have a higher value 
than cells with a high occurrence value for one or a few species. Species were weighted 
on the basis of endemism (E), hunting and collection pressure (C) and degradation 
tolerance (T) scores from CVI, according to the formula: weighting = (E) x (C + T). 
Representation scores were not included in the weighting as these data form the basis of 
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5.2.5 Comparison and assessment of site prioritisation indices 
We evaluated the performance of each of the four prioritisation protocols by comparing 




The final dataset contained 134 species distributed across 12 families: Boidae (3), 
Chamaeleonidae (14), Crocodylidae (1), Gekkonidae (36), Gerrhosauridae (8), Iguanidae 
(6), Lamprophiidae (34), Pelomedusidae (2), Podocnemididae (1), Scincidae (24), 
Testudinidae (3), and Typhlopidae (2). 
 
5.3.1 Species rankings 
The three non-Richness site prioritisation protocols produced species rankings that are 
broadly similar, but important differences emerged for certain species (Table 5.2). For 
example, two tortoises (Astrochelys radiata and Pyxis arachnoides) ranked in the top 10 
% of species using CVI and Red List Index, but featured in the lower 35 % of species 
using Irreplaceability. Using CVI, the 15 highest ranked species include four members of 
the order Testudines (tortoises and turtles), seven species in the family Chamaeleonidae 
(chameleons) and four species in the family Gekkonidae (geckos) (Appendix 1, Table 
A1.2). 
 
5.3.2 Site rankings 
Site species richness ranged from 17 in Kelifely to 72 in Ranobe PK32 (mean = 35.3). 
The site rankings produced by the four prioritisation protocols are all strongly positively 
correlated with the output of Zonation (Table 5.3, Fig. 5.2). In ascending order, the 
weakest correlation was between Zonation and Richness (rs= 0.711, p < 0.01, n = 22 ), 
followed by Zonation and Red List Index (rs= 0.861, p < 0.01, n = 22), Zonation and 
Irreplaceability (rs= 0.920, p < 0.01, n = 22), and Zonation and CVI (rs= 0.927, p < 0.01, 
n = 22). Inter-protocol variability was greater for lower, rather than higher, ranked sites 
(the highest ranked site being number 1; Fig. 5.2). Sensitivity analyses indicated that CVI 
is relatively robust to changes in individual species attribute weightings, with correlation 
coefficients ranging from 0.916 to 0.932 when each of the four attribute scores were 
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Table 5.2 Rank of the highest and lowest scoring 20 reptile species (n = 134) from 
the dry regions of Madagascar according to the conservation value index (CVI), and 
compared with equivalent scores and ranks generated by the red list (RL) and 
irreplaceability (IR) protocols.  
Highest scoring 20 species 













Brookesia bonsi 80 =1 5 =1 1 =1 
Brookesia decaryi 80 =1 4 =7 1 =1 
Brookesia exarmata 80 =1 4 =7 1 =1 
Brookesia perarmata 80 =1 4 =7 1 =1 
Furcifer belalandaensis 80 =1 5 =1 1 =1 
Pyxis planicauda 80 =1 5 =1 1 =1 
Erymnochelys madagascariensis 80 =1 5 =1 0.5 =37 
Furcifer nicosiai 72 =8 4 =7 1 =1 
Phelsuma breviceps 72 =8 3 =19 0.33 =59 
Uroplatus henkeli 72 =8 3 =19 1 =1 
Furcifer rhinoceratus 72 =8 3 =19 1 =1 
Astrochelys radiata 70 =12 5 =1 0.17 =92 
Pyxis arachnoides 70 =12 5 =1 0.17 =92 
Phelsuma borai 64 =14 0 =122 0.5 =37 
Uroplatus guentheri 64 =14 4 =7 0.33 =59 
Ebenavia maintimainty 60 =16 4 =7 1 =1 
Lygodactylus klemmeri 60 =16 2 =37 1 =1 
Paragehyra petiti 60 =16 3 =19 1 =1 
Pygomeles petteri 60 =16 4 =7 1 =1 
Sirenoscincus yamagishii 60 =16 4 =7 1 =1 
Lowest scoring 20 species 













Zonosaurus laticaudatus 16 =110 1 =45 0.08 =123 
Oplurus cyclurus 16 =110 1 =45 0.09 =117 
Oplurus cuvieri 16 =110 1 =45 0.2 =85 
Langaha madagascariensis 16 =110 1 =45 0.13 =104 
Leioheterodon madagascariensis 16 =110 1 =45 0.13 =104 
Lygodactylus tuberosus 14 120 1 =45 0.25 =75 
Lygodactylus tolampyae 12 =121 1 =45 0.08 =123 
Madagascarophis colubrinus 12 =121 1 =45 0.08 =123 
Dromicodryas quadrilineatus 12 =121 1 =45 0.5 =37 
Thamnosophis lateralis 12 =121 1 =45 0.33 =59 
Furcifer verrucosus 10 =125 0 =122 0.09 =117 
Paroedura picta 10 =125 1 =45 0.09 =117 
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Using CVI to compare sites of different protected status suggests that national parks 
(mean CVI = 1130.0, S.E. = 214.7, n = 8) are of greater conservation value for the reptile 
fauna than new protected areas (mean CVI = 942.3, S.E. = 203.4, n = 7) or unprotected 
sites (mean CVI = 517.4, S.E. = 38.5, n =7). This finding was consistent across all the 
prioritisation protocols. 
Lowest scoring 20 species 













Furcifer lateralis 8 =127 1 =45 0.1 =114 
Furcifer oustaleti 8 =127 1 =45 0.09 =117 
Chalarodon madagascariensis 8 =127 1 =45 0.09 =117 
Trachylepis elegans 6 =130 1 =45 0.07 =131 
Trachylepis gravenhorstii 6 =130 1 =45 0.08 =123 
Dromicodryas bernieri 6 =130 1 =45 0.07 =131 
Mimophis mahfalensis 6 =130 1 =45 0.07 =131 
Hemidactylus mercatorius 4 134 1 =45 0.08 =128 
Figure 5.2 Correlation of site rankings produced by Zonation and four simple 
protocols: grey squares, richness; black triangles, red list index; crosses, 
irreplaceability; white diamonds, conservation value index (CVI). Solid line 
represents x = y. 
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5.4 Discussion 
We used a range of prioritisation protocols to produce a ranking of Madagascar’s dry 
forest sites for reptile conservation. Our results indicate that, as a group, the established 
generation of national parks are more valuable for reptile conservation than both the 























NP 1 2 1 1 1 62 96 26.8 2054 
Ranobe PK32 NPA 3 1 2 3 2 72 91 15.7 1966 
Mikea NP 4 3 4 4 4 57 73 11.8 1544 
Tsimanampesotse NP 5 6 5 5 5 51 63 10.2 1342 
Menabe 
Antimena 
NPA 6 7 7 6 6 42 55 8.7 1130 
Tsinjoriake NPA 7 8 8 10 8 34 46 6.5 884 
Namoroka NP 8 =9 9 8 9 30 38 7.0 708 
Amoron’i 
Onilahy 
NPA 9 5 6 7 7 52 59 7.8 1124 
Nosy-Ambositra U 10 =16 15 12 12 24 31 5.2 586 
Ankara U 11 20 =20 9 17 19 23 6.7 508 
Anadabolava-
Betsimalaho 
NPA 12 14 11 18 11 29 36 3.5 622 
Andranomanitsy U 13 =9 12 11 10 30 34 6.2 688 
Kelifely U 14 22 18 13 18 17 25 5.1 460 
Andohahela P2 NP 15 =9 10 19 13 30 37 3.5 572 
Zombitse-
Vohibasia 
NP 16 =9 13 15 14 30 33 3.8 572 
Masoarivo U 17 15 16 14 15 26 30 4.5 556 
Berento U 18 21 19 20 22 18 24 3.1 386 
Behara-
Tranomaro 
NPA 19 19 22 21 21 23 22 2.6 422 
Kirindy Mite NP 20 =9 14 17 16 30 32 3.5 528 
Nord Ifotaka NPA 21 =16 17 22 19 24 28 2.5 448 
Makay U 22 =16 =20 16 20 24 23 3.6 438 
Ankarafantsika NP 2 4 3 2 3 53 83 20.0 1720 
Table 5.3 Site status, scores and ranks of 22 sites in the dry regions of Madagascar, 
prioritised for conservation value using Zonation (Z) and four alternative 
prioritisation protocols: SR, species richness; RL, red list index; IR, irreplaceability; 
CVI, conservation value index. NP, national park; NPA, new protected area; U, 
unprotected. 
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parks comprise four of the five highest ranking sites for all protocols apart from species 
richness, and only one national park is in the bottom-ranked 30 %. Two unprotected sites, 
Nosy-Ambositra and Ankara, rank amongst the top 50 % of sites using Zonation, and 
therefore warrant consideration for future protected area establishment. In general, 
however, the analyses suggest that conservation funding would be best invested in the 
existing national park system and the Durban Vision generation of new protected areas in 
order to maximise the conservation of reptile biodiversity, rather than designating and 
managing further new protected areas. 
 
The site rankings produced by all prioritisation protocols were strongly correlated with 
the outputs of Zonation because they are partially driven by species richness. Since each 
individual species score is positive, sites scores will increase with greater numbers of 
recorded species. Nevertheless, variation in the performance of different protocols when 
compared to the Zonation benchmark provides insight into the suitability of each for use 
in the prioritisation of protected areas for investment. Conservation assessments are 
intended to inform decisions, rather than provide definitive prescriptions (Knight et al. 
2006; Pullin et al. 2013). Ideally, in any prioritisation assessment, decision-makers should 
use a systematic approach such as Zonation whenever they have the capacity to do so, and 
incorporate data reflecting species value if they are available. This is why we included 
additional data reflecting species threat status into our CVI protocol and benchmark 
assessment, thus ensuring the evidence-based was as robust as possible. It would have 
been best practice to have integrated non-biodiversity data, such as cost information 
(Cawardine et al. 2010; Joseph et al. 2009) and the relative effectiveness (Nelson and 
Chomitz 2011) of the different protected area models employed in SAPM, into the 
assessment. However, such data are unavailable for Madagascar, hence they were not 
used in the prioritisation exercise that informed the location of new protected areas within 
the Durban Vision expansion (Corson 2014). In situations where the capacity for such 
systematic assessments is lacking, decision-makers should seek to develop or ‘borrow’ 
the necessary expertise by collaborating with research institutions (Knight et al. 2011; 
Smith et al. 2009). 
 
However, in situations where systematic conservation assessment software cannot be 
used, simple indices can provide a transparent, repeatable evidence-base to inform 
prioritisation decision-making, thus representing an improvement on non-systematic 
approaches. The simplest such index is species richness, but this metric performed 
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relatively poorly in our analysis, and would have identified Ranobe PK32 as the most 
important site for reptile conservation in our sample. All other protocols consistently rank 
Tsingy de Bemaraha as the most valuable site, despite it harbouring only 86 % as many 
species as Ranobe PK32, because 28 % of its reptiles are locally endemic (Bora et al. 
2010). Furthermore, species richness is not an accurate indicator of conservation value 
(Barlow et al. 2007; Rey Benayas and de la Montaña 2003) because all species are not 
equal. While value can be assigned to species according to a range of criteria (e.g. 
genotypic (Diniz 2004) or phenotypic (Owens and Bennett 2000) distinctiveness, public 
preferences (Smith et al. 2012), or ecological function (Scheiner 2012)), we differentiated 
between species using parameters that reflect extinction risk as this is the most urgent 
issue facing conservationists (Brooks et al. 2004b). Understanding the threats faced by 
species is critical to estimating their vulnerability and thus dependence on conservation 
interventions (Raxworthy and Nussbaum 2000), yet systematic conservation planning 
assessments rarely incorporate such data. 
 
The richness of threatened species is often used to inform prioritisations (e.g. Schwitzer et 
al. 2013, 2014), and the strong (0.86) positive correlation between the Red List Index and 
Zonation suggests that this metric may be a useful proxy measure if the necessary data are 
available. However the Red List Index failed to account for data deficient and unevaluated 
species, and thus almost 10 % of species in our sample were given no score. Additionally, 
since the use of such an index is dependent on the availability of full, up-to-date Red List 
assessments, its utility will be limited for many taxonomic groups and geographical 
regions, given that only 2.75 % of described species had been evaluated by 2010 (Pullin 
et al. 2013). 
 
The concept of irreplaceability is a key metric in systematic conservation assessments, 
and the Irreplaceability index performed well in comparison to Zonation. However, 
measures of irreplaceability alone may not adequately reflect conservation value because 
some species may be widespread and occur in a number of protected areas, yet remain 
highly threatened. For example, the tortoises Astrochelys radiata and Pyxis arachnoides 
were ranked low in terms of irreplaceability as both species are present in six protected 
areas, but this prioritisation protocol failed to account for the rapid, range-wide declines 
in population density (Leuteritz et al. 2005; Walker et al. 2013) that have seen both 
species classed as Critically Endangered (van Dijk et al. 2013). In addition, care is needed 
when dealing with species that are commonly found outside the sites being considered. 
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For example, the gecko Phelsuma modesta was recorded at only one site and therefore 
ranked high in terms of irreplaceability, although its abundance in heavily modified, non-
forest habitats (e.g. urban areas (Gardner and Jasper 2009; Glaw and Vences 2007)) 
demonstrate that it is not dependent on the effective management of protected areas for its 
survival. Similar problems may arise if species occur within the study region, but only at 
the periphery of their range (e.g. if reptiles widespread in humid eastern Madagascar 
occurred at sites on the edge of the dry forest). However, in the case of the current case 
study, this issue is mitigated by the extremely high rates of species turnover between the 
humid and dry regions of Madagascar (Glaw and Vences 2007; Jenkins et al. 2014). The 
problem of species that appear scarce in a dataset but, in reality, are not, will afflict any 
richness or complementarity-based analysis. In such cases, one might consider excluding 
these species, or using an explicitly target-based approach to measuring irreplaceability 
that sets lower targets for species deemed of minimal conservation importance by 
planners. Nonetheless, this risks introducing an element of subjectivity into the 
prioritisation exercise unless the species can be identified systematically by, for instance, 
using CVI.  
 
The strongest correlation between site rankings was produced for Zonation and CVI, 
suggesting that the latter index could be used to inform protected area prioritisation in 
situations where more complex analyses are not feasible. The index incorporated 
measures of rarity (a proxy for irreplaceability) and threat (a proxy for Red List status). 
As it only used readily-available inventory data, which was compiled into a database of 
species presence, and published literature to assign attribute scores using a simple scoring 
system, it can be easily adopted by decision-makers without the need for specific training. 
Although CVI performed well in prioritising the forests of Madagascar’s dry regions for 
reptile conservation, additional case studies are needed to further examine its utility and 
performance. In particular, the approach may be most appropriate for dealing with a small 
number of pre-identified sites (e.g. prioritising across an existing protected area 
portfolio), rather than for carrying out a conservation assessment which might seek to 
prioritise among many (i.e. hundreds or even thousands) of localities to optimise the 
establishment of new protected areas. 
 
The prioritisation of existing protected areas for investment is important if we are to 
maximise the effectiveness of protected area networks for biodiversity conservation. 
While sophisticated analytical tools can and should be used to inform such decisions, 
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decision-makers often lack the capacity to use them. Instead, they frequently rely on non-
transparent, subjective processes or simple measures such as species richness or the 
number of threatened species. It is therefore important to understand how such metrics 
can perform and in what circumstances they should be used. Our analysis suggests that 
some simple indices can provide a transparent framework to support evidence-based 
decision-making by practitioners, although their performance is variable. Our CVI, which 
incorporates measures of rarity and threat for individual species, appears to provide a 
useful alternative to more sophisticated, gold-standard systematic conservation planning 
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Multiple-use protected areas, in which sustainable levels of extractive livelihood activities 
are permitted, play an increasingly important role in the global protected area estate, and 
are expected to rise in prevalence in future. However, we know little about their 
effectiveness at conserving biodiversity. We surveyed bird and reptile communities in 
three areas across a forest disturbance gradient resulting from legal and illegal activities 
(charcoal production and shifting cultivation respectively) within a new, multiple-use 
protected area in Madagascar’s sub-arid spiny forest. We scored individual species using 
a Conservation Value Index (CVI; a simple metric based on rarity (endemism and 
representation in the protected area network), threat and distinctiveness) and estimated the 
total conservation value of each treatment by calculating the sum of frequency-weighted 
CVI scores across all present species. Bird and reptile community responses to forest 
disturbance were idiosyncratic. Bird species richness was greatest in the moderate-
disturbance treatment, but the low-disturbance treatment had the superior conservation 
value due to higher frequencies of locally-endemic species. Reptile species richness was 
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the same in low- and moderate-disturbance treatments, but the conservation value of the 
latter was greater. The high-disturbance areas had lowest richness and conservation value 
for both groups. For birds, increasing disturbance levels were accompanied by community 
turnover from high-value to low-value species, a pattern highlighted by CVI that is 
masked by assessing species richness alone. Although some endemic species appear to be 
resilient to degradation, multiple-use protected areas in Madagascar may lose biodiversity 
since most endemic species are forest-dependent. Stricter protected area models may be 




The impacts of human activity now threaten most of the Earth’s species and ecosystems 
(Ehrlich and Pringle 2008) and have precipitated the planet’s sixth mass extinction 
(Chapin et al. 2000). Our primary strategy to stem this biodiversity loss is the creation 
and management of protected areas, which cover over 12 % of the world’s land area 
(Bertzky et al. 2012; Jenkins and Joppa 2009) and constitute the largest planned land use 
in history (Chape et al. 2005). All protected areas are spaces “recognised, dedicated and 
managed... to achieve the long-term conservation of nature with associated ecosystem 
services and cultural values” (Dudley 2008), but they vary greatly in management 
objective and approach. These differences form the basis for the World Conservation 
Union’s (IUCN) protected area categorisation system (Dudley 2008; Dudley et al. 2010). 
For simplicity’s sake the categories are often divided into ‘strict’ protected areas 
(generally categories I-IV), which seek to isolate nature from human processes that 
threaten it, and ‘multiple-use’ sites, which promote conservation through the sustainable 
extractive use of natural resources (category VI) or traditional land uses that sustain 
biodiversity (category V).  
 
Recent decades have seen the number of multiple-use protected areas grow significantly 
in many parts of the world (Bertzky et al. 2012). Although some strict sites have been 
downgraded (Mascia et al. 2014), this has been driven primarily by the predominance of 
multiple-use categories amongst new protected areas (Zimmerer et al. 2004). The trend 
can largely be attributed to: i) the lack of remaining ‘wilderness’ areas, with a low human 
footprint, suitable for the creation of strict categories (Hoekstra et al. 2005; Leroux et al. 
2010); and, ii) a paradigm shift in conservation, reflecting concern for the effects of 
exclusionary approaches on human wellbeing (Adams and Hutton 2007; Miller 2014; Roe 
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2008), and the suggestion that sustainable use may be a more effective long-term 
conservation strategy than strict protection (Hutton and Leader-Williams 2003; Rosser 
and Leader-Williams 2010). As a result, only 45 % of the world’s protected areas are 
assigned to categories I-IV (Jenkins and Joppa 2009), and category VI sites expanded 
from 14 to 32 % of the world’s protected area estate between 1990 and 2010 (Bertzky et 
al. 2012). This trend is expected to become even more pronounced in the future 
(McDonald and Boucher 2011).  
 
Signatories to the Convention of Biological Diversity are expected to increase the 
coverage of terrestrial protected areas to 17 % of their national territory by 2020 and 
ensure that they are “effectively managed” (CBD 2010). Thus, if new protected areas are 
expected to largely comprise multiple-use categories, it is important to know whether they 
are likely to be effective at achieving their objective – the long-term conservation of 
nature – in the face of authorised human impacts. This is particularly apposite given the 
suggestion that multiple-use sites are less important for biodiversity (Gaston et al. 2008) 
and should not be classified as protected areas at all (Locke and Dearden 2005).  
 
The effectiveness of protected areas depends on both their coverage (i.e. ensuring that 
maximum biodiversity is represented within them) and their success in buffering the 
biodiversity from the processes that threaten its viability (Gaston et al. 2008; Margules 
and Pressey 2000). Evaluations of effectiveness have generally focussed on the former, 
meaning that we know little about the success of protected areas in maintaining their 
condition over time (Cabeza 2013; Geldmann et al. 2013). This knowledge gap is 
particularly acute with regards to multiple-use categories. Global studies comparing 
across categories have found stricter protected areas to be more effective at slowing 
deforestation in some regions (Joppa and Pfaff 2011; Scharlemann et al. 2010), whereas 
multiple-use sites demonstrate greater success in other countries (Ferraro et al. 2013; 
Nelson and Chomitz 2011). However, the use of remote sensed data within such analyses 
only allows us to quantify vegetation cover, therefore providing little insight into the 
ecological integrity of remaining natural vegetation and faunal communities beneath the 
canopy (Peres et al. 2006). Less conspicuous changes to forest structure and composition 
(i.e. forest degradation) can stem from activities such as non-industrial selective logging, 
fuelwood collection, livestock grazing and the harvesting of non-timber forest products 
(NTFPs). Typically, these are precisely the types of activity that are sanctioned within 
category V and VI protected areas (Dudley 2008) as they sustain the livelihoods of 
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hundreds of millions of people worldwide (Vedeld et al. 2007; Vira and Kontoleon 2010). 
Indeed, conservationists still have a very limited understanding of species and community 
responses to habitat change, and our knowledge is largely derived from a small number of 
sites (Barlow et al. 2007; T. Gardner et al. 2009, 2010). Furthermore, few researchers 
have investigated the impacts of subsistence activities on biodiversity (Borghesio 2008; 
Brown et al. 2013; Kumar and Shahabuddin 2006). 
 
Madagascar is an example of a biodiversity-rich tropical developing country that is 
expanding its protected area system through the creation of new multiple-use sites. The 
island is a global conservation priority, boasting an unparalleled combination of species 
diversity and endemism (Brooks et al. 2006; Myers et al. 2000), with the majority of its 
endemic biota being forest dependent (Goodman and Benstead 2005). However, less than 
16 % of the country retained forest cover by 2000 (Harper et al. 2007; McConnell and 
Kull 2014). Since 2003, Madagascar has been in the process of tripling the coverage of its 
protected area system, from 1.7 to over 6 million ha, in response to lobbying from 
international conservation organisations and funders (Corson 2014; Duffy 2006). Known 
as the ‘Durban Vision’ after the location of the fifth World Parks Congress at which it 
was launched, this ambitious programme has necessitated modifications to the country’s 
conception of protected areas and their governance. Previously, all protected areas were 
governed by the State, managed by the para-statal Madagascar National Parks, and 
comprised only strict categories (I, II and IV; Randrianandianina et al. 2003). Most of the 
new protected areas established as part of the Durban Vision are co-managed by non-
governmental organisations (NGOs) and local communities, and are proposed or 
designated as categories V and VI (AGRECO 2012; Gardner 2011; Virah-Sawmy et al. 
2014), with zoned areas where subsistence and low-level commercial natural resource use 
activities are permitted (e.g. Gardner et al. 2008; Virah-Sawmy et al. 2014; WWF 2010). 
 
The goals of the expanded Madagascar Protected Area System (SAPM) are to conserve 
the country’s unique biodiversity and its cultural heritage, as well as promoting the 
sustainable use of natural resources for poverty alleviation and development (Commission 
SAPM 2006). The simultaneous achievement of these goals is particularly complex 
because most forms of traditional land and resource use in Madagascar have negative 
impacts on biodiversity (Gardner 2009, 2011; Irwin et al. 2010). Planning the 
management of new multiple-use protected areas requires an understanding of species and 
community responses to habitat degradation arising from permitted resource use, yet our 
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knowledge of the influence this has on biodiversity is patchy for the country as a whole 
(Irwin et al. 2010) and entirely lacking for the globally-important spiny forest ecoregion 
(Gardner 2009). Moreover, existing studies in Madagascar have mirrored research from 
elsewhere (Burivalova et al. 2014) by quantifying assemblage-level change via species 
richness (e.g. Scott et al. 2006; Vallan 2002; Watson et al. 2004), a measure criticised 
because it can mask community turnover from specialist to generalist species (Barlow et 
al. 2007; Gardner et al. 2010). Here we investigate bird and reptile community responses 
to habitat change in a new protected area in the spiny forest ecoregion to ascertain the 
impacts of permitted and illegal livelihood activities (charcoal production and shifting 
cultivation respectively) on the conservation value of the vertebrate fauna. To overcome 
the issues associated with species richness as a metric, we use a Conservation Value 




6.2.1 Study site 
Madagascar’s spiny desert (or spiny forest), is a global priority ecoregion (Olson and 
Dinerstein 1998) and Endemic Bird Area (Stattersfield et al. 1998) with extremely high 
rates of local floral endemism (Phillipson 1996). Between 1990 and 2010 it suffered the 
fastest rates of deforestation of any ecoregion in the country (Harper et al. 2007; ONE et 
al. 2013) and, prior to 2003, it was the least represented ecoregion within the country’s 
protected area network (Fenn 2003; Seddon et al. 2000). 
 
Ranobe PK32 is a new protected area that received temporary protected status within the 
Durban Vision framework in 2008, and is co-managed by local community associations, 
the regional Forest Service and the international NGO WWF (Virah-Sawmy et al. 2014). 
Lying north of the regional capital Toliara between the Fiherenana and Manombo rivers 
(Fig. 6.1), it is the richest landscape in the ecoregion in terms of its bird, reptile and lemur 
fauna (Gardner et al. 2009a,b; Chapter 5). However, the area is inhabited by 
approximately 90,000 people (WWF 2010), many of whom depend on natural resources 
from within and around the protected area for their subsistence and household income 
(Gardner and Davies 2014; Chapter 8). Ranobe PK32 is thus proposed as a category VI 
protected area in which subsistence and low-level commercial livelihood activities (such 
as timber cutting, fuelwood collection and charcoal production, grazing and the 
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harvesting of NTFPs) are permitted in sustainable use zones which cover 86.5 % of the 
protected area’s 148,554 ha (WWF 2010). 
 
Charcoal is primarily produced in the western part of the protected area, due to the 
presence of the Route Nationale 9 (RN9) road that facilitates transportation. The industry 
is driven by the close proximity of Toliara, a city of approximately 200,000 people in 
which 98 % of households use wood or charcoal for cooking; demand from the city 
tripled between 2000 and 2007, and is largely met by anarchic charcoal production along 
the RN9 (Partage 2008). Since the region lacks fuelwood plantations, charcoal is 
produced entirely from natural forests (Bertrand et al. 2010). Charcoal producers select 
only hardwood trees (Mana et al. 2001; Rejo-Fienana 1995), thus causing forest 
degradation rather than outright deforestation (Casse et al. 2004). 
 
We conducted our study in the vicinity of Ranobe, a complex of three villages with a total 
population of approximately 2000 people (Gardner and Davies 2014), where the 
surrounding forests had been subjected to both charcoal production and shifting 
cultivation within recent years. We selected three areas within 3 km of the main village 
Figure 6.1 Map of: A) Ranobe PK32 protected area (dotted line) showing location of 
five strict conservation zones (grey shading), wetlands and rivers (black shading/
lines) and Ranobe village; and, B) location of three vegetation treatments used to 
survey bird and reptile communities across a gradient of degradation (forest cover, 
grey shading; wetlands, double line). Inset shows location of Ranobe PK32 within 
Madagascar (black square) and limits of spiny forest ecoregion following Goodman 
and Raherilalao (2013) (grey shading).  
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which, until recently, were part of a contiguous and relatively homogeneous forest block. 
Subsequently, the three areas have suffered varying levels of disturbance that are 
indicative of the habitat degradation gradient found across the whole landscape: i) a forest 
area showing minimal impacts of human activity (low-disturbance, hereafter Low); ii) a 
forest area subject to intensive charcoal production (moderate-disturbance, Mod); and, iii) 
an area regenerating following shifting cultivation (high-disturbance, High). While Low 
and Mod retained a complex three-dimensional structure and can be termed forest, High 
represented an open area dominated by shrubs, with only scattered trees (Fig. 6.1, Table 
6.1). As there were no areas of forest near Ranobe that had not been subject to any human 
disturbance, it was not possible to include a control site representing intact habitat. Birds 
and reptiles were surveyed between January and March 2010 in the rainy season, when 
both groups are most active (Glaw and Vences 2007; Safford and Hawkins 2013). 
Treatment Disturbance history Habitat description 
Low disturbance (Low) Low level charcoal production 
since 2007 
Re la t ive ly  c lo sed  canopy 
d o m i n a t e d  b y  D i d i e r e a 
madagascariensis and hardwood 
trees, with no understory shrub 
layer. Some charcoal production 
resulting in small openings, but 
canopy generally unbroken. Thick 
leaf litter layer. 
Moderate disturbance (Mod) Intensive charcoal production 
since 1995 
Broken canopy dominated by 
Didierea madagascariensis, with 
hardwood trees largely absent. 
Small openings are frequent and 
possess a dense shrub layer of 
regenerating stumps. Characterised 
by piles of dead branches and bark 
left over from charcoal production. 
Thin leaf litter layer. 
High disturbance (High) Forest cleared for shifting 
cultivation in 2001, regenerating 
naturally since 2004/5 
Dense shrub layer (height of  
1-2 m) of regenerating stumps 
dominated by Cedrelopsis grevei 
and Fernandoa madagascariensis, 
with no litter layer. Relict 
individual trees and small forest 
patches (< 1ha) occur within a 
mosaic pattern. 
Table 6.1 Disturbance history and vegetation description of three habitat treatments 
used to investigate the impacts of degradation on birds and reptiles at Ranobe, 
southwest Madagascar.  
169 
Chapter 6 
Impacts of habitat degradation 
6.2.2 Bird survey protocol 
We established 48 census stations within each area and used the point count method 
(Bibby et al. 1998) to estimate bird relative abundance. Access to the forest interior was 
hindered by the impenetrable nature of the vegetation at Low and Mod, so census stations 
were placed on a stratified random grid along existing ox-cart tracks. We positioned all 
stations at a perpendicular distance of 75 m from a track (following Jones et al. 1995) to 
minimise the influence of edge effects, and at least 150 m apart to minimise the risk of 
double counting. 
 
We surveyed each census station for 15 minutes (following a settling period of four 
minutes after arrival), during which we recorded all visual and auditory contacts within 
50 m of the census station. To reduce time-of-day and weather-related effects, surveys 
were limited to between 06.00 and 08.00 and were not conducted on rainy or windy days. 
The majority of bird contacts in spiny forest (> 85 % at Low and Mod) were auditory due 
to the dense vegetation, thus making it difficult to generate reliable distance estimates for 
bird contacts and, as such, we did not employ distance sampling methods. However, the 
non-visual nature of most contacts reduces the likelihood of a detectability bias arising 
from surveying in forests of varying degradation levels (Bibby and Buckland 1987). As 
most records were auditory, we could not accurately count the number of individuals for 
social species, and thus we recorded the presence of groups not individuals. We did not 
include contacts with juvenile birds in our data analysis to reduce seasonality effects. 
Point count observations yielded both relative frequency (defined as the proportion of 
counts in which a given species was recorded) and relative abundance (mean number of 
contacts of a given species per count) data.  
 
6.2.3 Reptile survey protocol 
We calculated the relative abundance of reptiles based on capture in pitfall traps and area 
constrained refuge searches (transects), because observation and capture-based methods 
permit the sampling of different components of the reptile fauna (Raselimanana 2008; 
Raxworthy 1988). For pitfall trapping we followed a standard protocol widely used in 
Madagascar (D’Cruze et al. 2007; Raselimanana 2008). The traps consisted of plastic 
buckets (270 mm deep, 290 mm internal diameter at top, 220 mm internal diameter at 
base) placed 10 m apart and buried in the ground with the rim level with the surface. 
Drainage holes were drilled in the bottom of each bucket and the handles were removed. 
Buckets were connected by a drift fence 500 mm high, passing directly over the centre of 
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each bucket, constructed from a sheet of plastic supported by wooden stakes. The lower 
50 mm of the fence was buried in the soil and covered with leaf litter to prevent animals 
passing underneath. Within each treatment we established three trap lines (each of 10 or 
11 buckets), placed randomly, but at least 150 m apart. Traps were constructed in the 
morning and left open for 13 nights, equating to 403 trap nights in total per treatment and 
were checked at 07.00 and 16.00 each day. All captured animals were marked on the hind 
leg or ventral surface with nail polish, and released at the site of capture. Recaptured 
individuals were excluded from the data analysis. 
 
We also established 38 transects along which we conducted active refuge searches. Each 
transect consisted of a 50 m rope erected adjacent to forest tracks based on a stratified 
random grid. Each transect was at least 150 m apart, ran perpendicular to a track and 
started 10 m into the forest to reduce the influence of edge effects. We established each 
transect 24 hours prior to surveying to minimise disturbance effects. During surveys, two 
observers moved slowly along each transect and searched for reptiles within 2 m of the 
central line, scanning the trunks and branches of trees, searching within tree holes, under 
bark, in the leaf litter and under/within dead branches. All reptiles initially observed 
within 2 m of the central line were recorded. Transects were walked from 08.00-10.00 (n 
= 22/site) and 15.00-17.00 (n = 16/site); we did not survey during periods of rain or thick 
cloud cover to minimise variation in weather-related detectability, which reduced the 
number of appropriate afternoon survey periods. Juveniles were omitted from the dataset 
to minimise any bias that might be associated with the effects of the breeding season. 
Transects and pitfalls generated density and capture rate data, respectively: we pooled the 
data and used total contacts for further analyses (not including rarefaction). 
 
6.2.4 Data analysis 
In order to compare species richness between treatments and estimate the completeness of 
our sampling, we generated individual-based observed species richness rarefaction curves 
and associated 95 % confidence intervals using EstimateS v.9.0 (Colwell 2013). For 
reptiles, we combined the two datasets by assigning species to one or other method on the 
basis of substrate use, following a protocol adapted from Bicknell et al. (In Review), 
whenever a species was recorded by both methods. Thus all arboreal species were 
assigned to transects and all terrestrial and fossorial lizards were assigned to pitfall traps. 
Remaining terrestrial species (snakes and a tortoise) were assigned to the method by 
which they were most frequently recorded. We used chi-squared contingency tables to 
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test for homogeneity of observed species relative frequency (birds) or total contacts 
(reptiles) across treatments. 
 
Conservation Value Index 
All species are not equal, and may differ in their value to conservationists on the basis of 
extinction risk, endemism, taxonomic distinctiveness or other attributes (Humphries et al. 
1995). We therefore used a Conservation Value Index (CVI) adapted from Gardner et al. 
(Chapter 5) to quantify the conservation value of individual species. The CVI scores from 
individual species were combined to assess the impacts of natural resource use, and 
subsequent habitat degradation, on the conservation value of spiny forest habitats for 
birds and reptiles. 
 
For the CVI we assigned scores to each individual species based on four attributes that 
reflect rarity, distinctiveness and threat. We use different combinations of attributes for 
the two taxonomic groups because the variation in conservation value within each group 
is driven by different factors. We scored rarity using geographical scale of endemism (G) 
and representation within SAPM (R), distinctiveness by taxonomic level of endemism 
(E), and threat on the basis of hunting and collection pressure (C) and degradation 
tolerance (T). We did not use E for reptiles due to the fact that all species are endemic and 
there are no endemic families, so variation in the attribute is limited. Similarly, we did not 
use C for birds because most species in the Ranobe area are subject to comparable 
hunting pressure (Gardner and Davies 2014). 
 
Introduced species were removed from the dataset and scores assigned to indigenous taxa 
on a scale of 1-5 for each attribute (Table 6.2). For G we used different scoring systems 
for reptiles and birds because species distributions of the two taxonomic groups are best 
explained by different biogeographical models (Pearson and Raxworthy 2009). For birds 
we used distribution maps from Safford and Hawkins (2013) and followed Stattersfield et 
al. (1998) to classify microendemic species, whereas for reptiles we visually estimated 
range criteria using maps in Glaw and Vences (2007) and adopted 10,000 km2 as the 
threshold for microendemic species (following Chapter 5). E was assigned on the basis of 
taxonomy in Safford and Hawkins (2013), R scores were assigned on the basis of 
occurrence in 14 (birds) or 15 (reptiles) protected areas in the dry regions of Madagascar 
derived from the literature (Table A2.1, Appendix 2), and values for C were based on 
occurrence in CITES (Convention on International Trade in Endangered Species) 
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appendices and the literature on reptile declines in Madagascar. T was attributed 
following the methods outlined in Gardner et al. (Chapter 5) for reptiles, and were based 
on the literature (Safford and Hawkins 2013; Wilmé 1996) for birds. Species for which no 
degradation tolerance data were available were scored as intolerant on the basis of the 
precautionary principle. 
 
The individual species CVI scores were calculated, producing a value in the range of 4-
100, using the following formulae for reptiles and birds: 
CVIreptiles = (G+R) x (C+T) 
CVIbirds = (G+E) x (R+T) 
 
The conservation value of a site can be considered a function of: i) the value of the 
species occurring there; and, ii) their abundance, because an area with a large population 
of a valuable species is more important than one with a small population. To understand 
the relative conservation value of each habitat treatment, we therefore wanted a metric 
that combined the CVI of each species with their relative abundance. However, simply 
weighting the CVI score by the relative frequency would heavily bias common species at 
the expense of rarer ones which are recorded only infrequently. We thus gave each 
species weightings standardised to the treatment where it was most frequent (e.g., a 
species with relative frequency of 0.36, 0.18 and 0.12 across each of the three treatments 
would be given weightings of 1, 0.5 and 0.33 respectively). In each treatment the CVI 
was then multiplied by the weighting to produce a frequency-weighted CVI score for each 




6.3.1 Degradation impacts on birds 
We recorded 2385 bird contacts, comprising 53 species, in point counts across all the 
treatments. Rarefaction curves approach an asymptote in all treatments, indicating that 
bird communities were sufficiently sampled (Fig. A2.1, Appendix 2). Although observed 
richness was highest in the moderate-degradation treatment (Low – 36 spp.; Mod – 43 
spp.; High – 37 spp.), rarefaction curves show no significant differences in richness since 
the 95 % confidence intervals overlap (Fig. A2.1, Appendix 2). Total richness is 
estimated at 42.0 (Low), 46.8 (Mod) and 39.7 (High) species in the three treatments. 
Twenty-four species (45.3 %) were recorded in all treatments, one species (1.9 %) was 
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restricted to Low, five species (9.4 %) were restricted to Mod, and seven (13.2 %) species 
were restricted to High: seventeen species (32.1 %) were recorded only in forest habitats 
(Low and Mod). 
 
Observed patterns of species relative frequency differed significantly for 22 species (41.5 
%) across the three treatments. Three of these species (Cuculus rochii, Hypsipetes 
madagascariensis and Dicrurus forficatus) were observed more frequently in the low-
degradation treatment, one species (Ploceus sakalava) in the moderate-degradation 
treatment, and six species (Turnix nigricollis, Oena capensis, Agapornis canus, Cisticola 
cherina, Acridotheres tristis and Foudia madagascariensis) in the high-degradation 
treatment. A further 12 species were recorded less frequently in the high-degradation 
treatment than in forest habitat (Low or Mod) (Table A2.2). 
 
Patterns of species endemism varied across the degradation gradient (Fig. 6.2). While the 
proportion of endemic species was approximately equal in all treatments, the high-
degradation treatment contained a lower proportion of regionally-endemic birds (defined 
as restricted to Madagascar and the islands of the western Indian Ocean) and a higher 
Figure 6.2 Endemism status of birds at Ranobe expressed as a percentage of contacts 
from 48 point counts at three sites across a gradient of degradation. Black, 
Madagascar endemic; dark-grey, regional endemic; light-grey, indigenous non-
endemic; white, introduced. Regional endemic species are defined as restricted to 
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proportion of non-endemic species. The vast majority (97.9 %) of contacts with 
introduced species (Acridotheres tristis) occurred in the high-degradation treatment. 
 
6.3.2 Degradation impacts on reptiles 
We recorded 661 reptile contacts comprising 32 species, 27 of which were recorded at 
Low and Mod, and 15 species at High. Twenty-two species were observed during 
transects, and 27 were captured in pitfall traps (Table A2.3, Appendix 2). Twelve species 
(37.5 %) were recorded in all treatments, 17 species (53.1 %) were only recorded in forest 
habitats, and one species (Lygodactylus tuberosus) was recorded only in the high-
disturbance site. Rarefaction curves indicate that Low and Mod had significantly higher 
species richness than High, as there is no overlap between confidence intervals (Fig. 
A2.2, Appendix 2). Total richness is estimated at 30.5 (Low), 34.2 (Mod) and 19.1 (High) 
species in the three treatments.  
 
Observed patterns of reptile abundance, based on total contacts, were significantly 
heterogeneous for 11 species (34.4 %). Three species were recorded more frequently in 
the low-degradation treatment (Chalarodon madagascariensis, Lygodactylus verticillatus 
and Oplurus cyclurus), two species in the moderate-degradation treatment (Madascincus 
cf. igneocaudatus and Tracheloptychus petersi), and three species in the high-degradation 
treatment (Lygodactylus tuberosus, Paroedura picta and Typhlops arenarius). A further 
three species (Geckolepis c.f. polypelis, Phelsuma mutabilis and Trachylepis elegans) 
were recorded more frequently in the two forest areas than in the high-degradation 
treatment. 
 
Forest disturbance affected distinct components of the reptile community differently, 
depending on their foraging substrate (Table A2.4, Appendix 2). Terrestrial species 
decreased in frequency (capture rate and/or density) with increasing disturbance, while 
arboreal species demonstrated reduced frequency at Mod and reduced richness at High 
compared to the less degraded site. Fossorial and litter dwelling species reached peak 
frequency under conditions of moderate-intensity disturbance. 
 
6.3.3 Conservation value of species and habitat treatments 
The CVI allowed us to weight species on the basis of their conservation value. The six 
highest scoring bird species were locally-endemic forest specialists (Table 6.3), while the 
highest scoring reptile was the heavily harvested (and thus Critically Endangered) tortoise 
176 
Reconciling conservation and development 
in Madagascar’s protected areas  
Table 6.3 Bird species recorded at Ranobe showing attributes used in Conservation 
Value Index (CVI) and frequency-weighted CVI scores for three sites across a 
gradient of degradation: Low, Mod and High indicate low-, moderate- and high-
degradation treatments. CVI attributes: G – geographic scale of endemism, E – 
taxonomic level of endemism, R – representation in sample protected areas, T – 
degradation tolerance. Asterisks indicate species endemic to the spiny forest 
Endemic Bird Area (Stattersfield et al. 1998).  
CVI attribute scores  CVI 
score 
Frequency-weighted CVI  
G E R T Low Mod High 
* Monias benschi 5 5 4 5 90 90 22.5 22.5 
* Xenopirostris xenopirostris 5 5 3 5 80 0 11.4 80 
* Coua cursor 5 4 3 5 72 72 20.6 30.9 
* Uratelornis chimaera 5 5 4 3 70 0 0 0 
* Thamnornis chloropetoides 5 5 2 5 70 70 60.0 0 
* Newtonia archboldi 5 5 2 5 70 70 47.6 22.4 
Coua ruficeps olivaceiceps 4 4 2 5 56 40.0 56 0 
Calicalicus madagascariensis 3 5 2 5 56 56 56 0 
Artamella viridis 3 5 2 5 56 32.0 56 0 
Vanga curvirostris 3 5 1 5 48 48 29.2 4.2 
Coua cristata 3 4 1 5 42 42 36.6 25.7 
Falco zoniventris 3 2 3 5 40 0 40 0 
Falculea palliata 4 5 1 3 36 36 36 0 
Leptosomus discolor 2 5 2 3 35 0 0 0 
* Nesillas lantzii 5 2 2 3 35 35 0 11.7 
Newtonia brunneicauda 3 5 1 3 32 32 30.7 14 
Leptopterus chabert 3 5 1 3 32 19.2 16 32 
Polyboroides radiatus 3 2 1 3 20 20 10 0 
Species  
Cuculus rochii 3 2 2 3 25 25 11.7 5 
Neomixis striatigula 3 3 2 3 30 21.5 30 10.8 
Aviceda madagascariensis 3 2 3 3 30 0 30 0 
Buteo brachypterus 3 2 1 3 20 0 20 0 
Mirafra hova 3 2 3 1 20 0 0 20 
Copsychus albospecularis 3 2 1 3 20 20 19.3 14.3 
Treron australis 2 1 2 3 15 0 0 15 
Nectarinia notata 2 1 2 3 15 0 15 3.75 
Ploceus sakalava 4 1 2 1 15 0.7 15 5.0 
Accipiter francesiae  2 1 1 3 12 0 12 0 
Turnix nigricollis 2 1 1 3 12 2.1 0 12 
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Species  CVI attribute scores  CVI 
score 
Frequency-weighted CVI  
G E R T Low Mod High 
Nesoenas picturata 2 1 1 3 12 9.7 12 2.9 
Coracopsis vasa 2 1 1 3 12 12 12 0 
Coracopsis nigra 2 1 1 3 12 5.0 12 0 
Phedina borbonica 2 1 3 1 12 0 12 12 
Hirundo rustica 1 1 5 1 12 0 0 0 
Hypsipetes madagascariensis 2 1 1 3 12 12 2.6 6.8 
Terpsiphone mutata 2 1 1 3 12 9.7 12 4.6 
Neomixis tenella 3 3 1 1 12 12 11.7 9.3 
Cisticola cherina 2 1 3 1 12 0 0 12 
Nectarinia souimanga 2 1 1 3 12 11.5 12 8.8 
Dicrurus forficatus 2 1 1 3 12 12 9 9.5 
Falco peregrinus 1 1 4 1 10 0 0 10 
Agapornis canus 3 2 1 1 10 3.3 3.3 10 
Tachymarptis melba 1 1 4 1 10 0 10 0 
Eurystomus glaucurus 1 1 2 3 10 0 10 0 
Upupa marginata 3 2 1 1 10 10 6.4 8.6 
Falco newtoni 2 1 2 1 9 4.1 3.3 9 
Caprimulgus madagascariensis 2 1 2 1 9 9 0 0 
Falco concolor 1 1 3 1 8 0 0 8 
Foudia madagascariensis 3 1 1 1 8 0.2 0.8 8 
Milvus migrans 1 1 2 1 6 0 0 0 
Oena capensis 1 1 2 1 6 3.4 1.4 6 
Centropus toulou 2 1 1 1 6 4.3 4.3 6 
Apus barbatus 1 1 2 1 6 3 6 0 
Merops superciliosus 1 1 2 1 6 3.7 3.3 6 
Corvus albus 1 1 2 1 6 0 0 6 
Numida meleagris 1 1 2 1 6 0 0 6 
Total conservation value of treatment  856.4 825.7 478.6 
Pyxis arachnoides (Table 6.4). The relative conservation value of each treatment varied 
for the two taxonomic groups. Total bird conservation value was highest in Low, while 
total reptile conservation value was highest in Mod, although in both cases the differences 
between the two forest areas were small (Table 6.5). The high-degradation treatment had 
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6.4. Discussion 
We have provided the first data on responses of spiny forest fauna to forest degradation, 
since hitherto the only available information concerned community change following 
deforestation (Scott et al. 2006). We found that while forest clearance greatly altered 
species composition and reduced species richness in both reptiles and birds, moderate-
level forest degradation resulting from charcoal production provoked idiosyncratic 
responses that varied between groups. Reptile communities were little affected by 
degradation and experienced minimal community turnover between the low- and 
moderate-disturbance treatments, as 23 of the 27 species recorded in each area occurred 
in both. Conservation value of reptiles was in fact greatest at the moderate-disturbance 
site, perhaps reflecting an increase in microhabitat heterogeneity or structural complexity 
(MacArthur and MacArthur 1961; Tews et al. 2004). Bird communities were more 
responsive to habitat degradation, undergoing community turnover.  This was reflected in 
the greater prevalence of birds adapted to open areas, and a decrease in the frequency of 
certain high-value, locally-endemic species such as Monias benschi, Coua cursor and 
Newtonia archboldi, with increasing degradation intensity. 
 
Wilmé (1996) suggests that “the tolerance of [Madagascar’s] endemic forest avifauna to 
forest degradation is proportional to its degree of taxonomic endemism”. However, we 
recorded seven members of endemic genera (Coua cursor, Monias benschi, Neomixis 
striatigula, Newtonia brunneicauda, N. archboldi, Vanga curvirostris and Xenopirostris 
xenopirostris) previously thought to occur only in undisturbed or slightly disturbed 
habitats, within a largely deforested habitat in our high-disturbance treatment. These 
findings lend some support to the hypothesis that faunal species of Madagascar’s dry and 
spiny forests may be more tolerant of degradation than those same or congeneric species 
in the country’s humid east and north (Gardner 2009). This may arise due to the more 
‘gentle’ habitat modifications occurring in dry forests compared to rainforests (Irwin et al. 
2010): for example, the increased light penetration in forest gaps is thought to make little 
difference to the understory in the spiny forest, because the sparse, deciduous nature of 
the canopy already allows illumination at ground level (Seddon and Tobias 2007). 
However, while tropical dry forests are thought to be more resilient than humid forests in 
terms of regeneration capacity (Lebrija-Trejos et al. 2008), little is known about the 
relative disturbance sensitivity of their respective faunas. Such research should be 
considered a priority since it has important repercussions for the implementation of 
multiple-use protected areas in different bioclimatic contexts. 
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Table 6.4 Reptile species recorded at Ranobe showing attributes used in 
Conservation Value Index (CVI) score and relative frequency-weighted CVI scores 
for three sites across a gradient of degradation: Low, Mod and High indicate low-, 
moderate- and high-degradation treatments. CVI attributes: G – geographic scale of 
endemism, R – representation in sample protected areas, C – collection/hunting 
threat, T – degradation tolerance. Locally-endemic species are indicated by an 
asterisk.  
Species  CVI attribute scores  CVI 
score 
Frequency-weighted CVI  
G R C T Low Mod High 
Pyxis arachnoides 4 3 5 5 70 70 0 0 
* Voeltzkowia petiti 5 4 1 5 54 14.7 54 0 
* Tracheloptychus petersi 5 4 1 5 54 22.1 54 2.5 
Geckolepis polylepis 4 4 1 5 48 48 32.8 0 
Paroedura androyensis 4 3 1 5 42 14 42 0 
* Pygomeles braconnieri 5 4 1 3 36 14.4 36 0 
Voeltzkowia rubrocauda 3 3 1 5 36 36 0 10.3 
* Zonosaurus quadrilineatus 5 4 1 3 36 36 32 8 
Ithycyphus oursi 3 3 1 5 36 0 36 0 
* Liophidium chabaudi 5 4 1 3 36 36 28.8 21.6 
Madascincus cf. igneocaudatus 3 2 1 5 30 12 30 0 
Madagascarophis ocellatus 4 3 1 3 28 28 0 0 
Blaesodactylus sakalava 3 1 1 5 24 24 16 0 
Zonosaurus karsteni 3 3 1 3 24 24 24 0 
Madagascarophis meridionalis 3 3 1 3 24 0 24 0 
Trachylepis aureopunctata 3 2 1 3 20 6.7 20 3.3 
Heteroliodon occipitalis 3 2 1 3 20 10 20 0 
Leioheterodon geayi 3 2 1 3 20 20 0 0 
Typhlops arenarius 3 2 1 3 20 0 6.2 20 
Typhlops decorsei 3 2 1 3 20 0 20 0 
Lygodactylus verticillatus 4 4 1 1 16 16 4 0 
Phelsuma mutabilis 3 1 3 1 16 16 10.3 2.3 
Amphiglossus ornaticeps 2 2 1 3 16 9.6 16 0 
Oplurus cyclurus 2 2 1 3 16 16 6.5 0.73 
Lygodactylus tuberosus 4 3 1 1 14 0 0 14 
Paroedura picta 3 2 1 1 10 3.8 1.9 10 
Furcifer verrucosus 3 2 1 1 10 10 2.9 0 
Chalarodon madagascariensis 2 2 1 1 8 8 4 3.0 
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The finding that moderate levels of degradation provoked an increase in richness of birds, 
and maintained richness in reptiles, is consistent with Connell’s (1978) ‘intermediate 
disturbance hypothesis’, and reflects a pattern widely reported from other tropical 
environments, at least for some guilds (Burivalova et al. 2014; Child et al. 2009; Gray et 
al. 2007; Martin and Blackburn 2010; Pons and Wendenberg 2005). However, all species 
are not equal, and the greater richness may often mask a turnover from range-restricted 
specialists to widespread generalists (Canaday 1997; Christian et al. 2009; Holbech 2005; 
Petit and Petit 2003; Scott et al. 2006). The latter are of less importance to 
conservationists precisely because they adapt well to anthropogenic disturbance and thus 
do not require conservation actions, such as protected areas, to maintain them (Harris and 
Pimm 2004; T. Gardner et al. 2009). The use of species richness as a measure of 
conservation value has been widely criticised for this reason (Barlow et al. 2007; 
DeClercke et al. 2010; Fermon et al. 2005; Norris et al. 2010), but remains persistent 
(e.g., studies reviewed by Burivalova et al. 2014). Our use of the CVI provides further 
evidence of the inadequacies of richness in prioritising between sites or habitats, as the 
use of richness would indicate that forests degraded by charcoal production are more 
valuable for bird conservation in the spiny forest than less degraded habitats. Of course, 
the CVI does not represent a definitive quantification of conservation value, but is a 
useful heuristic tool to help conservationists prioritise action to where it is most needed, 
i.e. high-value species. 
 
Although the use of CVI provides novel insights into the impacts of habitat change on the 
conservation value of spiny forest bird and reptile assemblages, our results must be 
interpreted with caution. We carried out surveying during the rainy season when both 
groups are most active, and surveyed each site sequentially for logistical reasons. 
However, biases may have arisen due to changes in species detectability related to the 
Species  CVI attribute scores  CVI 
score 
Frequency-weighted CVI  
G R C T Low Mod High 
Trachylepis elegans 2 1 1 1 6 4.9 6 2.9 
Dromicodryas bernieri 2 1 1 1 6 6 6 6 
Mimophis mahfalensis 2 1 1 1 6 4.5 6 5.3 
Hemidactylus mercatorius 1 1 1 1 4 4 3.4 2.9 
Total conservation value of treatment 514.7 542.8 112.7 
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advancing breeding season. In addition, the entry of new cohorts may have increased 
population size as surveying progressed. We minimised the latter problem by excluding 
all records of juveniles from the analysis, although it would have been preferable to repeat 
data collection over multiple years, or to survey each site simultaneously using multiple 
teams. Nonetheless, the latter approach has a number of drawbacks, including the 
extensive training needed to minimise the biases associated with potential differences in 
the bird detection abilities and/or identification skills of the various research assistants. 
 
Although our observations appear to suggest that the majority of bird and reptile species 
in Ranobe are somewhat resilient to moderate or high levels of disturbance, the presence 
of a species does not necessarily equate to its viability. It should not be assumed that local 
populations in disturbed areas will persist in the long-term because there are likely to be 
time lags associated with the impacts arising from perturbation, meaning that the 
degraded habitats at Ranobe may be carrying an ‘extinction debt’ (Kuussaari et al. 2009; 
Tilman et al. 1994). This is particularly true given that the habitat modifications that are 
the focus of this study are relatively recent (range: 3-15 years across the treatments). In 
addition, the persistence of some species within degraded habitats may be the result of 
source-sink dynamics, with populations maintained only by immigration from nearby 
areas of higher quality habitat (Hylander and Ehrlén 2013; Pulliam 1988; Tilman et al. 
1994). The degraded habitats at Ranobe may therefore experience future local extinctions, 
even without further modification, and we may have over-estimated the value of these 
Table 6.5 Observed and estimated species richness and Conservation Value Index 
(CVI) score for birds and reptiles at three sites across a gradient of disturbance at 
Ranobe, southwest Madagascar.  
  Low disturbance Moderate disturbance High disturbance 
Observed bird richness 36 43 37 
Estimated bird richness 42.0 46.8 39.7 
Bird CVI 856.4 825.7 478.6 
Observed reptile richness 27 27 15 
Estimated reptile richness 30.5 34.2 19.1 
Reptile CVI 514.7 542.8 112.7 
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areas for bird and reptile diversity (Barlow et al. 2007; Sekercioğlu et al. 2007). The scale 
of extinction debt can be influenced by habitat quantity, quality, or connectivity 
(Hylander and Ehrlén 2013). As such, when destructive activities such as charcoal 
production cannot be prevented within the ‘sustainable use zones’ of multiple-use 
protected areas, both the structural and functional connectivity between high-quality 
habitat patches should be maximised in order to maintain biodiversity and mitigate the 
negative impacts associated with resource exploitation. 
 
The suggestion that Madagascar’s new protected areas may suffer the continued erosion 
of biodiversity has important ramifications for the objectives and management of multiple
-use sites worldwide. In a multi-taxon assessment across a continuum of protection levels 
in East Africa, Gardner et al. (2007) found that multiple-use protected areas provide 
significant and complementary conservation services to strictly-protected sites, 
maintaining species richness but conserving significantly different faunal communities to 
those occurring in national parks. Thus a spectrum of protected area categories may be 
appropriate to conserve the full complement of biodiversity in continental regions, if these 
possess a range of faunal assemblages adapted to a continuum of habitat types from dense 
forests to wooded savannahs and grasslands (Borghesio 2008; Gardner et al. 2007; Pons 
et al. 2003). 
 
Madagascar, however, differs from continents in that the vast majority of the endemic 
biota is forest-dependent (Goodman and Benstead 2005), while non-forest areas typically 
contain floristically- and faunistically-impoverished assemblages characterised by non-
endemic species of low conservation value (Irwin et al. 2010; Koechlin et al. 1974; 
Lowry II et al. 1997). In this context, multiple-use sites essentially conserve the same 
communities as strict protected areas, but may do so less successfully than the latter. 
Thus, while multiple-use categories may be the only politically, ethically and logistically 
feasible option for many of Madagascar’s new generation of protected areas, given the 
socioeconomic importance to rural communities of remaining forest resources, it should 
not be assumed that they will be successful in maintaining the biodiversity they were 
established to conserve. Given that range restricted habitat specialists are 
disproportionately likely to go extinct in modified habitats (Posa and Sodhi 2006; Scales 
and Marsden 2008), and are of greatest conservation interest worldwide, careful attention 
must be paid to the choice of protected area models in different contexts; in regions where 
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the majority of priority species are disturbance-sensitive, strict protected areas may be a 
more appropriate model if they can be managed effectively. 
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Abstract 
Ensuring the sustainability of bushmeat consumption is critical for both biodiversity 
conservation and poverty alleviation in tropical developing countries, yet we know little 
about the role of hunting and bushmeat consumption in the daily lives of rural 
communities. We provide the first detailed, qualitative examination of bushmeat hunting 
activities conducted by a rural community within one of Madagascar’s new, multiple-use 
protected areas, in order to inform appropriate management strategies. Results suggest 
that most species are eaten, but that few are favoured above domestic meat. Hunting is 
generally a secondary pursuit, carried out opportunistically during the course of other 
activities, although its importance does increase in times of food stress. Management 
focused on increasing domestic meat availability and directing hunting effort away from 
sensitive species may improve the sustainability of hunting, but development 
interventions to reduce forest dependence may be required to promote conservation and 






Bushmeat hunting and protected area management 
7.1 Introduction 
The hunting and consumption of bushmeat (meat derived from wild animals) is a growing 
concern for conservationists in tropical developing countries because it can have major 
impacts both on targeted species (Fa and Brown 2009) and ecosystem dynamics (Stoner 
et al. 2007). Bushmeat is also critical to the food security and income of millions of 
people (Milner-Gulland et al. 2003) and is particularly important for the rural poor 
(Brashares et al. 2011; de Merode et al. 2004) and, therefore, must be sustainably 
managed (Fa et al. 2003). With biodiversity conservation and poverty alleviation being 
two of society’s greatest challenges in the 21st Century, it is essential to develop strategies 
to reduce or mitigate the effects of bushmeat hunting and consumption without these 
interventions impacting upon the people who rely on natural resources.   
 
The management of bushmeat use should be evidence-based, but existing research is 
largely focused on the sustainability of harvesting and the factors influencing commercial 
bushmeat trade. While these studies have provided valuable insights into how demand 
could be reduced, investigations into the motivations and drivers of both hunter behaviour 
and rural consumption are under-represented in the literature (Kümpel et al. 2009; Pailler 
et al. 2009), hindering our ability to tackle the proximal causes of bushmeat hunting in 
and around protected areas. Even when rural hunters and bushmeat consumers are 
targeted, such research tends to take place in areas where hunting is driven by commerce 
(e.g. Kümpel et al. 2010; Pangau-Adam et al. 2012), so we know little about the factors 
influencing hunting and bushmeat consumption amongst communities who are likely to 
be depending on it for subsistence.  
 
The gaps in our knowledge are particularly critical in Madagascar, one of the world’s 
poorest nations and top conservation priorities (Brooks et al. 2006) where, since 2003, the 
government have been in the process of tripling the extent of the protected area system. 
The objectives of the expanded protected area network are to conserve the country’s 
biodiversity and cultural heritage, while promoting the sustainable use of natural 
resources for poverty alleviation and development (Gardner 2011). As such, the new 
generation sites are mainly designated as IUCN category V and VI, in which sustainable 
resource extraction is permitted (Gardner 2011), and many are co-managed by local 
communities (Raik 2007). Meeting the dual objectives of conservation and poverty 
alleviation is a complex task for protected area managers as most resource use has 
negative impacts on the island’s biodiversity (Gardner 2009; Irwin et al. 2010). This 
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situation is further complicated because the need to rapidly establish these new protected 
areas (“an emergency conservation context”; Marie et al. 2009) has necessitated the 
implementation of conservation interventions with incomplete information on the social 
and ecological systems that will determine their success or otherwise (Gardner 2012). In 
addition, most of the new sites are being established in landscapes containing sizeable 
human populations that, to varying extents, depend on natural resources for subsistence 
and household income (Fritz-Vietta et al. 2011).   
 
Bushmeat consumption has been historically under-recognised as a threat to animal 
populations in Madagascar (Goodman 2006), although recent surveys have revealed the 
extent of the practice and provided the first evidence regarding the rates at which various 
species are harvested for food (Golden 2009; Jenkins et al. 2011; Randrianandrianina et 
al. 2010; Razafimanahaka et al. 2012). Nevertheless, such quantitative analyses tell us 
little about the role of hunting and bushmeat consumption in the daily lives of the 
communities living within/adjacent to the country’s new multiple-use protected areas, yet 
this information is vital to site managers if they are to develop successful interventions 
that will minimise the ecological effects of exploitation, without jeopardising the food 
security of local populations. The richness of qualitative data is equally important if we 
are to contextualise and understand why hunting is carried out and, thus, be able to plan 
appropriate evidence-based mitigation strategies. The collection of such data is, however, 
hampered by the sensitivity of bushmeat consumption as a topic, particularly within and 
around protected areas (Jenkins et al. 2011; Razafimanahaka et al. 2012), so qualitative 
studies on the motivations of hunters are rarely published Here, we present the results of a 
series of in-depth, semi-structured interviews with community members designed to 
overcome such methodological constraints and underpin the development of management 
strategies for a new, multiple-use protected area in southwest Madagascar. Specifically, 
we pose the questions: i) who does the hunting; ii) why do they hunt; iii) what species do 
they hunt, and; iv) how do they hunt them?  
   
7.2 Methods 
7.2.1 Study Site 
Ranobe PK32 is a new protected area co-managed by WWF and local communities that 
received temporary protected status in 2008 (Fig. 7.1). It forms part of the spiny forest 
ecoregion (Fenn 2003), which suffered the highest rates of forest loss in the country 
between 2000 and 2005 (Harper et al. 2007), and was the least protected major forest 
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ecosystem in Madagascar prior to 2003 (Seddon et al. 2000). Ranobe PK32 was 
established primarily to conserve the habitat of two locally endemic bird species, the long
-tailed ground roller (Uratelornis chimaera) and subdesert mesite (Monias benschi), both 
of which represent monospecific genera within endemic families that are restricted to 
southwest Madagascar (Raherilalao and Goodman 2011). Moreover, the protected area is 
recognised as the richest within the ecoregion, with more recorded species of bird, 
mammal, reptile and amphibian than any other site (Gardner et al. 2009a, b; Thomas et al. 
2006). It contains five ‘core zones’ in which natural resource extraction is strictly 
controlled (20, 046 ha), with the remainder (128, 508 ha) zoned for sustainable use by 
local communities. 
 
Ranobe is a complex of three villages with a total population of approximately 2000 
people, lying 40 km north of the regional capital Toliara in southwest Madagascar 
(Atsimo-Andrefana region). Situated on the edge of a freshwater lake and marsh, the 
village is bordered to the east by forest and to the west by agricultural lands converted 
from forest over the last two decades. The people, mainly of the Masikoro ethnic group, 
are primarily cultivators and herders. Rice and sugar cane are grown around the lake, and 
corn, manioc and pulses on drier lands. These products are traded in the weekly markets 
at Ankilimalinika and Ambolimailaka (both approximately 5 km away), which are visited 
by most villagers. Cattle are kept principally for cultural reasons and to provide 
Figure 7.1 Map showing location of Ranobe village in relation to: A) Ranobe PK32 
protected area (shaded grey), and; B) local villages and features mentioned in text 
(roads, dotted line; coastline and escarpment, solid line; Ranobe PK32 protected 
area, shaded grey). Inset shows location within Madagascar.  
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agricultural labour, while goats and chickens are reared for food and trade. Many people 
supplement their income through the commercial exploitation of forest wood for building 
materials or charcoal production (both of which are sold in Toliara), or through the trade 
of aquatic plants (vondro (Typha angustifolia) and bararata (Phragmites mauritianum)) 
from the marshes which are used for house construction. As well as medicinal plants and 
honey, forests and wetlands provide a range of goods used to supplement the diet 
including edible fruits and tubers (Dioscoreaceae; Cheban et al. 2009), fish and bushmeat. 
The forests of Ranobe are managed by the local community association, VOI Ezaka, 
under the terms of a GELOSE management transfer, through which limited rights are 
transferred from the State to the local community, according to a time-limited, renewable 
contract (Antona et al. 2004).  
 
7.2.2 Data Collection 
Bushmeat hunting and consumption can be a sensitive issue, particularly within protected 
areas, and the reticence of people to discuss their practices with outsiders can hinder the 
collection of viable or complete data (Jenkins et al. 2011; Razafimanahaka et al. 2012). 
This research was thus focussed on six key informants from Ranobe village with whom 
CJG (first author) had established a trusting, amicable relationship over the course of 
fieldwork carried out as part of a parallel research project. The informants had all worked 
closely with the author for at least two weeks prior to data collection, during which time 
local livelihoods, forest biodiversity and resource use, including hunting, were 
continuously discussed to provide a soft entry point to later interviews. 
 
In-depth, semi-structured interviews were conducted by CJG during February and March 
2010, and carried out in a mixture of French and Malagasy. The setting was informal, 
located at a camp at the edge of Ranobe village used for research. The interviews took 
place following communal mealtimes, with each one lasting two to six hours (mean = 4.3 
hours; median = 4.5 hours), spread out over one to three sessions on consecutive days to 
avoid participant fatigue. Interviews were structured into two sections. Firstly, the 
participants were asked about their own livelihood practices, and hunting by villagers in 
general, in order to gather data on who hunts, when and why. Direct questions pertaining 
to the personal hunting practices of individual informants were avoided due to the 
sensitive nature of the topic. Secondly, they were asked to report which species of 
mammal, bird, reptile and amphibian were hunted and how they were captured, with the 
help of illustrated field guides (Garbutt 2007; Glaw and Vences 2007; Sinclair and 
199 
Chapter 7 
Bushmeat hunting and protected area management 
Langrand 1998); these books were familiar to all participants, having previously been 
used to converse about the fauna of the area. Informants were asked to leaf through the 
books to find species they recognise from Ranobe, and were only prompted for a response 
in cases where species known to occur in the area were overlooked. In such cases, the 
participant was requested to look at the picture again to confirm whether the species had 
genuinely never been encountered. When identification of an animal was unclear (e.g. if a 
species not known to occur in the region was noted), corroborating evidence was sought 
by asking the informant to describe its appearance, behaviour or autoecology. For every 
recognised species, it was enquired whether the animal was consumed and, if not, 
whether it was taboo (faly; see Jones et al. 2008) or simply not favoured for some reason. 
If eaten, participants were asked how widely it was hunted, who it was hunted by, when it 
was hunted, how it was prepared and eaten, and whether it was traded.  
 
Although our sample size is small, the qualitative, in-depth nature of the research 
presented here supplements existing research on bushmeat hunting and consumption in 
Madagascar. While previous studies have generated information on the species targeted 
and, in some cases, the rates at which they are exploited (e.g. Garcia and Goodman 2003; 
Golden 2009; Goodman 2006; Goodman and Raselimanana 2003; Goodman et al. 2004, 
2008; Jenkins et al. 2009, 2011; Rakotondravony 2006; Randriamanalina et al. 2000; 
Randrianandrianina et al. 2010), we provide novel information regarding who hunts, how, 
and why they do so, in addition to a detailed description of the range of species hunted 
and consumed. While a larger sample size of informants would have been desirable, this 
would have necessitated interviewing villagers with whom a trusting relationship had not 
already been established. We therefore decided a priori to restrict our interviews to 
participants we knew and from whom we could expect honest and unguarded responses, 
thus limiting the potential for bias. 
 
7.3 Results 
The participants ranged in age from 18 to 50 and all stated that farming constituted their 
primary livelihood activity; for two of them this was supplemented by trade in aquatic 
plants, while another cut construction wood in the forest to sell in the nearby tourist resort 
of Mangily (they were not asked whether they produced charcoal directly, as the practice 
is illegal within the Ranobe management transfer). Informants generally displayed a good 
knowledge of the fauna occurring in Ranobe lake and forest, and were able to name and 
describe all but the smallest and most cryptic species occurring in area. They only 
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occasionally claimed to recognise species that are not known to occur in the region, and 
in no instance was a species known to be present in or around Ranobe unidentified by all 
six informants. Their knowledge of the forest, its fauna, and how to hunt it had been 
acquired since childhood, when going into the forest with their fathers, or from other boys 
while herding livestock. 
 
7.3.1 Hunting activity in Ranobe 
All informants agreed that not everybody in Ranobe hunts animals for food. Hunting is 
carried out almost exclusively by men, primarily those young in age or with livelihoods 
based around forest use. They stated that only a few individuals (no more than four) in 
Ranobe village hunt regularly as a means to generate an income (hereafter referred to as 
specialist hunters), and that these men all have little land and are therefore unable to 
derive a livelihood through farming. For the rest of the population, hunting is ad hoc, 
either being carried out opportunistically during the course of other activities (e.g. when 
cutting construction wood, searching for edible yams or medicinal plants, travelling to 
other areas), or as and when required. As one participant reported, encountering an edible 
animal “is like finding money on the ground when going to market – you just pick it up”. 
The population of Ranobe principally consists of farmers, who have little time or reason 
to enter the forest regularly. However, men going into the forest will always take a 
catapult and a knife, and are thus well prepared to capture animals to supplement their 
diet. In the same way, people do not visit the lake and marshes specifically to hunt or 
catch birds, but go to fish or gather aquatic plants, and will collect any birds or eggs that 
they come across fortuitously. Egg collecting in the marshes was the single hunting-
related activity reported to be carried out by women.  
 
When asked about their preferences for meat, all informants stated that their favourites 
were beef and chicken, but that certain wild species were equally or almost as good. They 
frequently stated that all meat is the same, “meat is just meat, all meat is good”, when 
questioned about the relative quality of meat from wild species. Nonetheless, this view 
was often contradicted as particular species were said to be very good or unpalatable. The 
fat content of wild meats appeared to be an important determinant of taste predilection, 
with several mammal species preferentially eaten at times of year when they are fattest 
(Table 7.1). All participants bought beef at the weekly markets in Ankilimalinika and 
Ambolimailaka whenever they had money (pork and goat are more rarely bought, while 
chicken is produced at home), and thus only ate domestic meat for one day a week. 
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Consumption of domestic meat is highly seasonal because people only have money for a 
few months (April-August) after harvest at the end of the rainy season (Fig. 7.2). 
 
The participants stated that they would only consider going into the forest, with hunting 
normally being a secondary purpose for their trip, once their funds had run low. That said, 
three informants stated that they, and villagers in general, would also go hunting 
specifically to find meat before major celebrations, such as Christmas, New Year and 
Independence Day (26 June). During the rainy season (November to March) people are 
too busy working their fields to seek out and capture bushmeat (Fig. 7.2). Apart from 
occasional forest users and specialists hunters, a third group of bushmeat hunters 
comprises boys and young men aged 10-18, who spend considerable amounts of time in 
and around forests when herding livestock, and often catapult, grill and eat birds in situ 
“to pass the time”. None of our participants mentioned any ceremonial or ritual aspects to 
hunting or bushmeat consumption. 
 
7.3.2 Bushmeat preparation, consumption and commerce 
According to the participants, bushmeat is hunted for sustenance in the home, but the 
form of consumption depends on the quantity obtained. The majority of hunted items, 
including most birds and all mammals apart from the bush pig (Potamochoerus larvatus) 
and common tenrec (Tenrec ecaudatus), are very small and must be caught in bulk to 
make a family meal (Table 7.1 and 7.2). Most species are therefore normally eaten as 
snacks, cooked on an open fire and eaten alone or with boiled manioc; feathers and fur are 
Figure 7.2 Seasonal calendar for Ranobe, southwest Madagascar, in relation to 
bushmeat hunting and factors which restrict or promote harvesting. Black dotted line, 
mean rainfall data are from Service de la Météorologie, Toliara, for 2005 to 2008. 
Black symbols indicate peaks of hunting intensity: stars, Christmas and New Year; 
circles, Independence Day; bars, hibernation.    
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burnt off in the fire (feathers are sometimes plucked), then the animal is eviscerated and 
rubbed inside and out with salt, and grilled directly on the hot coals. This may take place 
either in the forest where the animal is captured or back at the village. If sufficient 
animals are caught, however, they will be made into laoka, the dish that accompanies a 
carbohydrate staple. In this case the meat is cleaned and may be grilled, fried or cooked in 
a sauce, and accompanied by rice or manioc.    
 
Only if large quantities of animals are caught is any excess sold, normally within the 
village, with prices ranging from 100-200 Ar (US$0.05-0.10) for most birds and small 
mammals through to 3000 Ar (US$1.45) for an adult helmeted guineafowl (Numida 
meleagris) or substantial piece (~1 kg) of bush pig meat (Table 7.1 and 7.2). With the 
exception of live birds that can be raised in captivity (white-faced duck (Dendrocygna 
viduata) and young helmeted guineafowl), bushmeat is rarely sold in the weekly markets 
of Ambolimailaka or Ankilimalinika. For the few specialist hunters, animals are caught 
specifically for sale within the village, and orders may be taken for particular species 
(mouse lemurs (Microcebus spp.) and lesser hedgehog tenrec (Echinops telfairi)). In such 
cases, if any meat cannot be sold, it will be grilled and traded in the Ambolimailaka or 
Ankilimalinika market.     
 
7.3.3 Hunting of birds, mammals and reptiles 
The majority of wetland and forest birds recognised by informants from Ranobe are 
hunted and eaten (Table 7.2). A variety of hunting techniques are employed, most of 
which are adapted to specific target species, although two main methods prevail: (i) 
trapping or snaring, and; (ii) shooting with catapults. Although some men in the village 
do possess home-made rifles, these are kept primarily for security and are rarely used for 
hunting because of the unavailability of ammunition. Bullets can occasionally be 
procured from foreigners in Mangily, in which case guns may be used for the hunting of 
wetland birds, such as flamingos (Phoenicopterus ruber) and large herons (Ardea spp.). 
Almost all men and boys own a catapult, which are made from rubber bought in 
Ambolimailaka market, with a pouch of leather salvaged from old bags or shoes. The 
geology of Ranobe means that there are no small rocks available, so ammunition consists 
of small balls of clay collected from the rice paddies and baked in the sun, unripe fruits of 
lamonty (Flacourtia ramoutchi), or the seeds of sakoa. 
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Table 7.2 Information on the hunting, consumption and cultural significance of bird 
species occurring around Ranobe village, southwest Madagascar, provided by 
informants during a series of semi-structured interviews.  
English name Scientific name Used as 
bushmeat? 
Informants’ comments 
Little grebe Tachybaptus 
ruficollis 
Yes Difficult to shoot as dives when approached, but 
can be trapped at edge of reeds. 
Small herons Multiple genera Yes Trapped in reed beds, and eggs collected by 
women collecting bararata. 






Yes Occasionally occurs at Andranomanintsy lake, 5 




No One informant stated that species is not faly but 














Yes Good meat. Occasionally trapped at edge of 
reeds, and nests and nestlings are collected by 
bararata collectors/fishermen if found. Are 
hunted by foreigners during the rainy season, 
who bring guns and plastic canoes. D. viduata is 
sometimes caught with fishing nets by Tanosy 









Yes Trapped along small paths in reeds. Meat is 
good, but gallinule is very aggressive when 
caught. Red-knobbed coot (Fulica cristata) is not 











Yes Meat is better than chicken, and bird is larger. 
Does not like to fly and tires quickly, so can be 
chased and then catapulted or hit with throwing 
sticks. Alternatively it can be snared using a 
noose at the nest. Occasionally sold in the village 
for 2000 Ar. All informants stated that the bird 
used to occur near the village but is now rare, 
although it can still be found in pristine forest to 
the east. Disappearance is said to be due to 
degradation from charcoal production, rather 





No Never eaten as it is faly because it eats dead 
things. Although it takes chickens, it is not 
persecuted. 
Other raptors Multiple genera Yes Although raptor meat is not as good as that of 
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Yes As good as chicken. Drinks at the lake in the 
rainy season and is caught at the water’s edge. 
Can be shot with guns, but is usually trapped 
using corn or scraps of babo (Dioscorea sp.), 
including at sites where babo has been dug. 
Excess animals are sold in the village for 2000-
3000 Ar. Juveniles are occasionally sold in 
Ambolimailaka market for 200 Ar, where they 





Yes Occurs in weedy fields, where it is trapped. Does 
not fly far, so can be chased until tired and then 
catapulted. If a nest is discovered and the eggs 
are not taken the finder’s father is said to die; if 





Yes Highly favoured because meat is fatty and, 
unlike other birds, the bones can be crunched and 
eaten. It is often trapped by groups of 3-5 boys, 
by erecting a line of nooses and herding the flock 
is towards the traps. Alternatively, a small barrier 
of leaf litter can be made, which birds will not 
cross, and used to funnel the birds towards traps. 
Subdesert  
mesite 
Monias benschi Yes Widely eaten, although there is disagreement 
about the quality of the meat. Can be attracted by 
imitating its call or chased until it flies into a 
tree, and then catapulted. Can also be taken by 





Yes Shy and difficult to hunt, but is occasionally shot 
with guns (especially by foreigners) or trapped in 
foraging areas. Does not come to the lake for 
water. Faly for one informant. 
Madagascar 
green pigeon 
Treron australis Yes Good meat. It is hunted with catapults at fruiting 
nonoky (Ficus sp.) trees, where people will go 





Yes Drinks at lake edge every morning, where traps 
are set. Bararata fences can be erected to herd 
birds towards traps. Can catch 5-20 in a morning 
and the excess are sold in the village for 200 Ar. 
Namaqua dove Oena capensis Yes Caught at lake edge in the mornings, particularly 
by children. Up to 20 traps are erected as species 
moves in flocks. Alternatively, the resin of 
nonoky is spread on branches which are ‘planted’ 
at the lake edge, catching individuals when they 
perch. 
Vasa parrots Coracopsis spp. Yes Easily catapulted as perch on high, exposed 
branches. Meat is not good but is eaten. Common 
crop pests of maize, but are not persecuted. 
Grey-headed 
lovebird 
Agapornis cana Yes Is trapped at lake edge where it drinks, and can 
be caught with folotse resin on branches. 
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Centropus toulou No Not faly, but never eaten because meat is 










Yes All terrestrial couas have good, fatty meat. 
They can be trapped by setting nooses along 
small forest paths, or chased on foot or with 
dogs until they fly into a tree, and then 
catapulted. 
Crested coua Coua cristata Yes Good meat, easily catapulted as perches in 
high branches. 






Yes Easily caught by hand or catapulted when 
roosting on forest floor during the day. 
Madagascar 
kingfisher 
Alcedo vintsioides Yes Nests in village wells, and occasionally 





Yes Good meat. Difficult to find but easy to catch. 
Rarely flies and is stupid, so can be 
surrounded by people and catapulted. Can also 
follow tracks to the nest, which is often along 
a track. One participant stated that the birds 





Yes Large bird with good meat, easily catapulted. 
Madagascar 
hoopoe 




Ploceus sakalava Yes Nesting colonies in villages are never targeted, 






Yes A major crop pest of rice. Can be trapped in 
rice fields in wire cages, where up to 50 can be 




Multiple genera Yes All small birds are catapulted and eaten by 
young boys. 
Crested drongo Dicrurus forficatus No Considered the king of the birds and is strictly 
faly. 
Pied crow Corvus albus No Not faly but never eaten, since it consumes 
dead animals including dogs. 
Indian mynah Acridotheres tristis No Strictly faly, although most informants could 
not give a reason why. One informant stated 
that it had been brought to the area by nuns. 
Local beliefs, originating from the Tandroy, 
state that anyone hunting the bird will receive 
the same injury that they give it. All 
informants agreed that bird had arrived within 
last 10-12 years. 
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Bird trapping is generally an activity for boys, who have the time to carry it out. All traps 
use a basic noose which tightens around the neck or foot of a bird, the twine of which can 
be made from satra palms (Hyphaene coriacea), the tail-hair of cattle, plastic strips taken 
from rice sacks, or sisal (Agave spp.) string purchased in the market. Nooses for marsh 
birds are set on paths through the reeds, and suspended from bent-over reed stems 
strengthened with sticks. For terrestrial birds, nooses can either be attached to a bent-over 
sapling or suspended from a frame made of branches. Traps are not placed randomly in 
the forest, but erected in locations where birds are known to frequent and/or tracks are 
plentiful. Species which drink at the periphery of the lake (grey-headed lovebird 
(Agapornis cana), Madagascar turtle dove (Streptopelia picturata), Namaqua dove (Oena 
capensis), and are caught at the water’s edge by erecting bararata fences which guide 
birds towards the traps (Table 7.2). Other species are actively herded towards traps, 
particularly reluctant fliers such as the Madagascar buttonquail (Turnix nigricollis). This 
species walks only over clear ground, and individuals can therefore be diverted to the 
traps by building ridges of leaf litter. Finally, some species can be attracted to traps using 
bait; this applies particularly to couas (Coua spp.) and helmeted guineafowl, for which the 
skin of babo yams (Dioscorea spp.) is used, as well as maize for the latter of the two. The 
only form of bird trapping not to employ a noose is the use of natural plant glues (from 
nonoky (Ficus spp.), famanta and folotse) collected from the forest, which are spread on 
perches.  
 
As is the case for birds, most mammal species known from Ranobe are eaten. This is in 
contrast to the situation for reptiles, which are all avoided with the exception of two 
terrestrial and one aquatic chelonian species; the spider tortoise (Pyxis arachnoides), 
radiated tortoise (Astrochelys radiata) and yellow-bellied mud turtle (Pelusios 
castanoides), whose heart is said to be poisonous. The radiated tortoise is no longer 
present near Ranobe, with informants agreeing that it had not been seen for 10-15 years, 
although it is said to still occur on the Mikoboka Plateau approximately 10 km to the east. 
All the participants believed that hunting was probably responsible for its disappearance. 
The spider tortoise is said to be common and is collected whenever it is seen, no matter 
what size, although it is faly for some people. A fourth chelonian species, the African 
helmeted turtle (Pelomedusa subrufa), is not eaten because it has an unpleasant, muddy 
flavour. No other reptiles or amphibians are eaten; they are said to be bad animals and 
were not eaten by the ancestors. 
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7.4 Discussion 
The research presented here expanded our current knowledge of bushmeat hunting and 
consumption in Madagascar by using an approach that differed markedly from the 
majority of bushmeat-related studies carried out worldwide. Rather than generating 
quantitative data from large numbers of respondents, we wanted to produce rich, 
qualitative information via in-depth conversations with knowledgeable informants. Since 
this type of data collection requires established, trusted relationships as the subject matter 
is sensitive, as well a substantial time investment, the sample size is necessarily small. 
Nevertheless, the insights derived from such detailed semi-structured interviews are 
complementary to quantitative assessments and provide knowledge pertinent to 
understanding the role of bushmeat hunting in local livelihoods, thus supporting the 
development of appropriate management strategies. By asking people directly about all 
species known to occur in an area, we have demonstrated that the range of species eaten 
within a single community is much higher than suggested by previous quantitative studies 
of consumption. For example, in a household survey of eight rural settlements, 
Randrianandrianina et al. (2010) reported that only six mammal and five bird species 
were eaten, while our findings suggest that all but a handful of birds may be harvested for 
food. If our results are typical of other regions of Madagascar, birds are probably under-
represented in questionnaire data focused on mealtime diets, as they are perceived as 
snacks that are eaten outside the home. Bird remains (e.g. bones, feathers) are also less 
likely to be found around camps and villages for the same reason yet, hitherto, this 
comprised the only data on the consumption of birds by rural communities (Goodman and 
Raselimanana 2003; Goodman et al. 2004). 
 
In addition, our study has provided a deeper understanding of the role bushmeat hunting 
and consumption plays in the Ranobe community. This information can be used to inform 
the development of management interventions designed to reduce the ecological impacts 
of exploitation without negatively affecting the well-being of the user communities. We 
are now aware that hunting is a secondary activity for most people, carried out 
opportunistically to supplement the diet rather than for trade. This reflects the findings of 
other studies conducted in Madagascar, where bushmeat comprised only a small 
proportion of the diet (Jenkins et al. 2011; Rakotondravony 2006; Randrianandrianina et 
al. 2010). Bushmeat appears to play a role as a ‘safety net’ for the people of Ranobe; its 
importance increases during times of scarcity when there is no money to buy domestic 
meat, but diminishes during times of agricultural labour because hunting carries a high 
211 
Chapter 7 
Bushmeat hunting and protected area management 
opportunity cost (Fig. 7.2). This has been noted elsewhere in Madagascar (Favre 1996; 
Golden et al. 2011; Goodman 2006; Goodman and Raselimanana 2003), but is not always 
the case as illustrated by Randriamanalina et al. (2000), who found that bushmeat hunting 
was a commercially-motivated activity in the southeast of the country. Additionally, we 
know that the majority of species are eaten regardless of size, but that few are particularly 
favoured and domestic meat is preferred (also see Jenkins et al. 2011; Randrianandrianina 
et al. 2010), as well as the full range of techniques used to procure bushmeat, most of 
which are highly selective. 
 
The traditional management response to bushmeat hunting within protected areas, both in 
Madagascar and globally, is to impose an outright ban. However, such an interdiction 
would be inappropriate given the poverty alleviation objectives of Madagascar’s 
expanded protected area system, and unethical given the importance of bushmeat to 
human nutrition in times of scarcity (Favre 1996; Golden et al. 2011; Goodman 2006). 
Such bans are also difficult and expensive to enforce (Leader-Williams and Albon 1988), 
and are unrealistic in heavily-populated landscapes such as Ranobe PK32 where human 
populations are widely dispersed and there are multiple entry points into the forest.    
 
Furthermore, an outright ban on hunting may be unnecessary if hunting can be directed 
towards species capable of withstanding substantial off-take. Human consumption is 
believed to have contributed to the extinction of Madagascar’s megafauna (Burney et al. 
2004; Crowley 2010; Dewar 1997; Godfrey and Irwin 2007), and the successive 
defaunation of the largest-bodied, slowest-reproducing species has continued through to 
the present day. Indeed, many apparently intact forest areas are devoid of diurnal lemurs 
as a result of recent hunting pressure (Goodman and Raselimanana 2003; Goodman et al. 
2004). These “empty forests” (Redford 1992) include Ranobe, where three diurnal lemurs 
(ring-tailed lemur Lemur catta, red-fronted brown lemur Eulemur rufifrons and 
Verreaux’s sifaka Propithecus verreauxi) and the large-bodied radiated tortoise occurred 
until the 1990s (Domergue 1983; Gardner et al. 2009b; Nicoll and Langrand 1989; 
Raxworthy 1995) but no longer exist. If hunting has acted as an ‘extinction 
filter’ (Balmford 1996) contributing to the loss of the most sensitive species, it may be 
that the harvesting of the remaining small-bodied species represents an example of post-
depletion sustainability (i.e. the species are capable of withstanding substantial off-take; 
Cowlishaw et al. 2005). Of the two most highly-prized animals mentioned in Ranobe 
(Table 7.1), the bush pig is introduced and the common tenrec has amongst the highest 
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reproductive capacities of any mammal, suggesting that they could be harvested with 
minimal conservation impact. Beyond these, many regularly hunted species such as 
hedgehog tenrecs, mouse lemurs and most birds remain common in Ranobe’s forests (C. 
Gardner, unpublished data), as they do in heavily exploited areas elsewhere in western 
Madagascar (Goodman and Raselimanana 2003). Although this suggests that current 
hunting practices in Ranobe may be sustainable for some species, quantitative population 
data and extractions rates would be required to verify whether this is the case (Golden 
2009). 
 
With the most sensitive species already extirpated, directing hunting effort towards those 
animals that can be hunted sustainably in the long-term should ensure that bushmeat can 
remain a food security safety net. Although environmental education and awareness-
raising campaigns are often recommended and implemented as bushmeat reduction 
strategies (e.g. Breuer and Mavinga 2010), increasing knowledge in this way does not 
necessarily lead to modification of human behaviour (McKenzie-Mohr et al. 2012; 
Thompson 2008). Alternative approaches to alter consumption patterns include social 
marketing (defined as the use of commercial marketing techniques to achieve positive 
social change; Butler et al. 2007), which has proved effective in fostering sustained 
behaviour change (McKenzie-Mohr 2000; Schultz 2011) and, thus, has been suggested as 
a potential tool to decrease bushmeat demand (Drury 2009; Wilkie and Carpenter 1999). 
Encouraging more selective hunting in areas such as Ranobe should be achievable as it is 
targeted (i.e. using specifically designed traps and snares to catch particular species), 
rather than passive and generalised as is the case in eastern Madagascar (Golden 2009) 
and Africa more widely (Kümpel et al. 2009).   
 
In recent years a number of authors have highlighted the potential importance of informal 
institutions such as sacred forests and taboos (faly) in the conservation of habitats and 
species in Madagascar (e.g. Bodin et al. 2006; Jones et al. 2008; Lingard et al. 2003; 
Loudon et al. 2006; Tengö et al. 2007; Vargas et al. 2002). Our findings suggest that few 
of the faly observed in Ranobe will serve this purpose, as they largely relate to 
widespread, non-endemic, unthreatened species (Tables 7.1 and 7.2). With the exception 
of the Madagascar spider tortoise (Pyxis arachnoides), none of the region’s species of 
conservation concern (threatened or locally-endemic species) were reported to be subject 
to any cultural restrictions. Our informants distinguished between species that were faly 
and others that were simply not considered edible, with three bird species and a 
213 
Chapter 7 
Bushmeat hunting and protected area management 
freshwater turtle deemed to be unpalatable. Similarly, all rodents, small tenrecs, 
amphibians and non-chelonian reptiles are not eaten because they are not regarded as food 
and were not eaten by the ancestors. This distinction between inedible and taboo species 
was raised by all participants, but does not appear to have been recorded in previous 
studies. For instance, Jones et al. (2008) list snakes, geckos and dwarf chameleons among 
the faly reported around Ranomafana National Park, but these reptiles were not 
recognised as food items in Ranobe. 
 
Development activities aimed at promoting animal husbandry and increasing the 
availability of meat from farmed species are often advocated as a way to offset demand 
for protein derived from wild sources (Foerster et al. 2012; Mbete et al. 2011). This may 
appear to be a potential solution in areas such as Ranobe, where villagers prefer the taste 
of domestically reared meat and bushmeat has no particular cultural significance. 
However, cattle are kept primarily for cultural reasons, transport and agricultural labour, 
rather than meat production (Evers and van der Zwan 1998; Kaufmann 1998), so the 
promotion of livestock rearing will not inevitably result in the desired outcome. In 
addition, as noted by Bowen-Jones et al. (2003), the costs associated with such meat 
production may still render bushmeat economically favourable within rural communities. 
 
Moreover, the impacts of livestock rearing on the environment and biodiversity in 
Madagascar have been little explored, and the relationship between pastoralism and the 
maintenance of forest cover is complex (Klein et al. 2008). The direct conversion of 
forest to pastureland is rare (Casse et al. 2004), with forests generally cleared for slash-
and-burn agriculture and converted to pasture following abandonment. Livestock rearing 
may provide both incentives and disincentives for forest clearing. For example, Mahafale 
pastoralists in the southwest maintain forests which act as a dry season grazing reserve 
and place to hide cattle from rustlers (Kaufmann and Tsirahamba 2006; Tsirahamba and 
Kaufmann 2008), yet the primary cause of deforestation in western Madagascar is slash-
and-burn agriculture (Scales 2011), carried out primarily by Tandroy migrants to generate 
cash with which to purchase cattle (Réau 2002). Another issue that further exacerbates the 
situation is that high stocking densities lead to forest degradation through a reduction in 
species richness and changes to vegetation structure (Ratovonamana and Kiefer 2009). 
 
Our findings indicate that bushmeat hunting is an opportunistic activity, conducted 
whenever the forest is visited for other reasons. This corroborates observations from 
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Ankarafantsika National Park, where hunting is carried out by seasonal collectors of the 
palm Raphia farinfera (Garcia and Goodman 2003), and Mikea National Park, where 
people enter the forest to make outrigger canoes from the tree Givotia madagascariensis 
(Goodman et al. 2004). If this trend is typical across the forested regions of Madagascar, 
encouraging the exploitation of alternative meat sources is unlikely to serve as a ‘silver 
bullet’ to stem bushmeat hunting, because people entering forests to procure non-meat 
resources will continue to opportunistically collect any edible animals they encounter as it 
is “like finding money on the ground”.  
 
Most of Madagascar’s new generation of IUCN category V and VI multiple-use protected 
areas are zoned to permit the sustainable extraction of forest, freshwater and/or marine 
resources (Gardner 2011). In terrestrial sites, activities such as livestock grazing and the 
collection of forest products (e. g. medicinal and edible plants, wild fibres and wood 
resources for fuel and construction) remain permissible. As these actions are associated 
with bushmeat hunting, it is likely that exploitation will persist throughout the country’s 
new generation of protected areas. It therefore follows that the development of 
interventions designed to reduce rural dependence on forest resources will contribute to 
decreasing harvesting rates. Such strategies may also be more effective for poverty 
alleviation than a continuation of natural resource-based livelihoods (Sayer 2009), 
because the exploitation of forests generally serves only as a safety net for rural 
communities, rather than providing a route out of poverty (Wunder 2001; Angelsen and 
Wunder 2003). Consequently, the development of alternative livelihoods and improved 
revenue-generating activities that are not forest oriented may be essential if multiple-use 
protected areas are to achieve their twin goals of successful conservation and poverty 
alleviation (Gardner et al. 2013).  
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Abstract 
Protected areas are usually conceived and managed as static entities, although this 
approach is increasingly being viewed as unrealistic due to climate change and ecosystem 
dynamics. The way in which people use land and/or natural resources within and around 
protected areas can shift and evolve temporally, but remains an under-acknowledged 
challenge for protected area managers. Here we investigate the factors driving a rapid rise 
in charcoal production within a new, multiple-use protected area in Madagascar, in order 
to inform appropriate management responses. We conducted a questionnaire survey of 
208 charcoal producers to ascertain the mix of livelihood activities they practiced in 
2010/11 and five years previously. Respondents had diversified their livelihood activities 
over time, although cultivation and pastoralism had decreased as primary sources of 
revenue. Reasons for the growing reliance on charcoal production include the reduced 
viability of alternative livelihoods (primarily farming), as a result of changing rainfall 
patterns and the loss of irrigation infrastructure, as well as a growing need for cash to 
support themselves and their family. Our results suggest that charcoal production is not a 
desirable activity, but a ‘safety net’ when times are difficult. Conservation efforts to 
ameliorate underlying factors driving livelihood change, such as dam restoration, could 
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reduce the prevalence of charcoal production, but simultaneous action to cut demand is 
also required. We recommend that mechanisms to detect, understand and respond to 
social change are systematically integrated into protected area management planning, 
alongside traditional biodiversity monitoring. 
 
8.1 Introduction 
Covering over 12% of the world’s land surface, protected areas constitute our principal 
approach to biodiversity conservation and comprise the largest planned land use globally 
(Jenkins and Joppa 2009). Described as “clearly defined geographical space[s], 
recognized, dedicated and managed, through legal or other effective means, to achieve the 
long-term conservation of nature with associated ecosystem services and cultural 
values” (Dudley 2008), the very concept of a protected area assumes that it will be 
preserved and/or managed in perpetuity, remaining a permanent fixture in the landscape. 
As such, they have been conceived and managed historically as static features that should 
persist unchanged through time (Bengtsson et al. 2003; Folke et al. 2005; Mascia and 
Pailler 2012). 
 
Over recent years, the ‘steady state’ paradigm of protected area management has been 
increasingly viewed as inadequate, given the fact that ecosystems are inherently dynamic 
and that climate change will lead to the migration of species and habitats beyond 
protected area boundaries (Hannah 2008). Similarly, there is a growing awareness that 
protected areas are components of complex social-ecological systems (Milner-Gulland 
2012; Ostrom 2009), with the resource use patterns of rural communities living within 
and around protected areas evolving through time (Aung et al. 2004; Geoghegan and 
Renard 2002; Newton 2011; Venter et al. 2008). Indeed, temporal shifts in land use and 
livelihoods should be seen as the rule rather than the exception (Folke 2003). However, 
while there is a large literature on protected areas as agents of social change (e.g. Ghimire 
and Pimbert 1997; Schmitz et al. 2012; West et al. 2006), there has been little research, 
policy or practical focus on livelihood dynamics as a management challenge for protected 
area managers. For example, none of the relevant publications within the International 
Union for the Conservation of Nature’s (IUCN) Best Practice Protected Area Guidelines 
series (Dudley 2008; Phillips 2002; Thomas and Middleton 2003) provide any explicit 
instructions or recommendations regarding how to detect or manage sites being 




Protected areas and changing livelihoods 
Resource use by local communities is a key threat to the viability of many protected areas 
worldwide (Gaston et al. 2008; Naughton-Treves et al. 2005). Yet, in order to design and 
implement appropriate evidence-based interventions, protected area managers must 
understand the factors that influence livelihood decision-making (St John et al. 2013). 
This is particularly important for protected areas with management objectives that include 
poverty alleviation or rural development alongside biodiversity conservation. However, 
the success rates associated with both integrated conservation and development projects 
(ICDPs) and community-based natural resource management (CBNRM) have been 
generally low. This is because, at least in part, managers have failed to sufficiently 
appreciate, understand and integrate local livelihood strategies and resource use patterns 
into their planning (Brown 2003; Dressler et al. 2010; Newmark and Hough 2000; Wells 
and McShane 2004).  
 
Here, we investigate the drivers of rapid livelihood change, in the form of increased 
charcoal production, threatening biodiversity in southwest Madagascar. In 2009, staff of 
the international non-governmental organization (NGO) WWF observed a major increase 
in the amount of charcoal being produced inside a new multiple-use protected area, 
Ranobe PK32, and transported into a nearby city. In order to develop suitable protected 
area management strategies, it was necessary to understand the shift towards this 
livelihood; we needed to know what income generating activities people had been doing 
previously and why they had switched occupation. 
 
8.2 Study system 
Worldwide almost 3 billion people depend on biomass such as fuel-wood and charcoal for 
cooking (IEA 2010). Charcoal is produced by the slow pyrolysis (heating in the absence 
of oxygen) of wood and is a favoured cooking fuel of urban communities because it has a 
higher energy density than fuelwood and is therefore easy to transport (Arnold et al. 
2003). However, inefficiencies in the conversion process mean that charcoal use 
consumes greater quantities of wood than the use of fuelwood (Bouwer and Falcão 2004). 
 
The dynamics and impacts of the charcoal industry in southern Madagascar have been 
little researched, despite charcoal and fuel-wood constituting the primary domestic fuel 
for most of the population (Minten et al. 2012). Charcoal producers in the region use only 
hardwood trees (Mana et al. 2001), thus causing forest degradation rather than outright 
deforestation (Casse et al. 2004); this is also the case in sub-Saharan Africa (Ahrends et 
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al. 2010). Degradation of southern Madagascar’s spiny forest, a Global 200 priority 
ecoregion (Olson and Dinerstein 1998), triggers bird community turnover from endemic 
forest specialists to non-endemic generalists, thereby reducing its conservation value 
(Gardner, unpublished data). Additionally, the debris (e.g. leaves, small branches) left by 
charcoal production increases the standing fuel load of the forest and leaves it more 
vulnerable to fire (Gardner, unpublished data). 
 
The average Malagasy family uses approximately 500 kg of charcoal per year (Meyers et 
al. 2006). In Toliara, the capital city of Atsimo Andrefana region (Fig. 8.1), less than 2 % 
of households regularly use electricity or gas to cook, and demand for charcoal in the city 
tripled between 2000 and 2007; 54 % of this demand was met by charcoal produced along 
the Route Nationale 9 (RN9) (Partage 2008), the sole road connecting Toliara with towns 
to the north. 
 
Ranobe PK32 is a new protected area created in 2008, and extended in 2010, as part of 
Madagascar’s 2003 ‘Durban Vision’ initiative to triple the size of the protected area 
network. The establishment of the protected area has been led and funded by WWF, but it 
is governed by a co-management structure comprising WWF, regional authorities and 
local community representatives (Virah-Sawmy et al. 2014). It is managed for 
biodiversity conservation and the sustainable use of natural resources for poverty 
alleviation and development, in line with the objectives of the country’s expanded 
protected area system (SAPM). Consequently, Ranobe PK32 is proposed for designation 
as an IUCN category VI multiple-use protected landscape (Gardner 2011). The protected 
area has the greatest species richness of lemurs and birds of any site in the spiny forest 
ecoregion (Gardner et al. 2009a; 2009b). 
 
The majority of the human population around Ranobe PK32 live along the Fiherenana 
Valley, RN9 or in the agricultural plains south of the Manombo River, which were 
previously irrigated by a system of canals emanating from a colonial-era dam (Fig. 8.1). 
Livelihoods vary according to location and ethnicity; coastal villages are principally made 
up of Vezo fishers, while inland areas are inhabited largely by Masikoro agro-pastoralists 
(WWF 2010). The eastern part of the protected area lies on a Tertiary limestone plateau 
and is threatened by slash-and-burn maize cultivation (hatsake), but the unconsolidated 
sands of the coastal plain to the west are of poor quality for agriculture. Instead, the 
forests here are threatened by the production of charcoal for the urban market in Toliara, 
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facilitated by the proximity of the RN9 (Seddon et al. 2000; Virah-Sawmy et al. 2014). 
Charcoal production is allowed within the protected area according to a zoning plan (i.e. 
outside core conservation areas), but all charcoal producers must obtain a permit from the 
State’s Forest Service. 
 
8.3 Methods 
We delivered a questionnaire face-to-face with charcoal producers resident in villages 
along the RN9 between December 2010 and June 2011. As our aim was to understand the 
livelihood dynamics of people currently involved in charcoal production (rather than 
quantify the prevalence of charcoal producers in the population), non-probabilistic 
Figure 8.1 Map of Ranobe PK32 protected area (dotted outline) showing the Route 
Nationale 9 (RN9) road (dashed line) and villages where questionnaires were under-
taken with charcoal producers (black circles). The two rivers (Manombo and Fi-
herenana) are indicated by grey lines, the Manombo River dam is shown as a double 
bar, and the extent of a formerly irrigated area is shaded in light grey. Inset shows 
location of the study region within Madagascar. 
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snowball sampling (Newing 2011) was used to identify potential respondents. Since we 
were investigating change in livelihoods, charcoal producers were only considered 
eligible if they had been independently earning a living for at least five years (i.e. they 
were not at school or otherwise dependent on their parents for a minimum of five years 
prior to interview). We also employed opportunistic sampling when producers were 
encountered transporting charcoal by ox-cart along the RN9, between villages. 
 
On arrival in each village we met with the Chef de Fokontany (the head of the Fokontany, 
which is the smallest administrative unit, equivalent to a village or small cluster of 
villages) to explain the purpose of our research and asked him to suggest suitable 
participants. The homes of these individuals were visited in turn, with each questionnaire 
respondent asked to suggest additional possible participants within the village. The 
questionnaire was delivered in the local dialect of Malagasy by the second author 
(FULG), in a location chosen by the respondent (generally outside the home or in a public 
space), and all participants were assured that their responses would be anonymous and 
confidential. 
 
The questionnaire consisted of both closed- and open-ended questions, structured into 
four short sections (Appendix 3, File A3.1). The survey was developed with colleagues 
and piloted on 14 initial respondents; this led to the modification of the questionnaire and, 
therefore, the data collected were discarded.  
 
The first section collected basic socio-demographic information (e.g., age, level of 
education, ethnicity, village of current residence). Any participants found to be living 
away from their natal village (migrants) were asked about the factors that had contributed 
to them leaving their previous home and their choice of destination via an open-ended 
question. In order to detect any shifts in the relative importance of individual livelihood 
activities for household income, respondents were asked to rate activities on a three point 
ordinal scale both at the present time (2010/11) and five years previously (2005/6): (1) an 
activity that is never carried out; (2) an activity that is conducted infrequently (e.g., one 
day a week or for two months a year) and/or is of secondary importance to other sources 
of household revenue during the year (henceforth minor livelihoods), or; (3) an activity 
that is carried out often (e.g., three days a week or for six months of the year) and/or is an 
important source of revenue for their household (henceforth major livelihoods). A five-
year period was selected as it was sufficient to capture the increase in charcoal production 
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that had been observed anecdotally by WWF staff, without being so long as to diminish 
the viability of recall data (Golden et al. 2013). Individuals who indicated that the mix of 
livelihood activities they practice had changed over time were asked an open-ended 
question as to why this was the case in section three, which was facilitated by prompts 
from the interviewer from a list of potentially relevant drivers (e.g., lack of rain, not 
enough fish to catch, problems in life or family requiring money). The precise nature of 
any ‘family problems’ was not enquired about, as our pilot revealed that this made 
respondents uncomfortable. The final section focused on charcoal production specifically, 
with open-ended questions used to explore when during the year this activity is carried 
out, for how long and, if for just part of the year, why it was seasonal. In addition, open-
ended questions were asked regarding where charcoal is produced and how far away from 
home this location is, and what difficulties the individual faces when producing charcoal. 
 
Responses to open-ended questions were coded and grouped by response-type. 
Quantitative analyses of temporal shifts in livelihood activities, and differences in 
livelihoods between residents and migrants, were tested using chi-squared analyses in 
SPSS (version 20.0; IBM). A paired t-test was used to ascertain whether the number of 
livelihoods practiced by individual respondents had increased over time. 
 
8.4 Results 
A total of 208 questionnaires were completed in full by charcoal producers resident in 
villages along the RN9, representing 16 % of the estimated population of charcoal 
producers in the study area (WWF, unpublished data). The age range of study 
participants, who were all male, was 20 to 70 (median = 39.5, IQR = 33-47; mean = 39.7, 
SE = 0.76), and 60.6 % of individuals were currently living away from their natal village 
(Table 8.1). Of these, 15.1 % (n = 19) had migrated from Toliara, 57.1 % (n = 72) from 
elsewhere in Atsimo Andrefana region, and 27.8 % (n = 35) from the far south of 
Madagascar (primarily Androy region). Respondents who had migrated cited a number of 
factors that influenced their decision to translocate and which underpinned their selection 
of settling area (Table 8.2), all of which related to the need to earn money and the 
opportunities (or lack of) for doing so. 
 
Only 7.2 % (n = 15) of individuals who participated in the questionnaire produced 
charcoal as their sole revenue generating activity. In addition to charcoal production, 63.9 
% (n = 133) of respondents also engaged in sedentary cultivation, whilst 35.6 % (n = 74) 
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reared livestock and 20.2 % (n = 42) fished or harvested other marine resources. Almost a 
third (32.7 %, n = 68) were additionally involved in other livelihood activities including 
timber harvesting, shop keeping and making reed houses. Three activities increased 
significantly over the five year study period from 2005/6; charcoal production (562.2 % 
rise; chi-squared = 247.6, p < 0.01, d.f. = 2), livestock rearing (224.2 % rise; chi-squared 
= 20.8, p < 0.01, d.f. = 2) and timber harvesting (300.0 % rise; chi-squared = 5.2, p < 
0.05, d.f. = 2). An 11.3 % decrease in sedentary cultivation over the same timeframe was 
not significant. People producing charcoal in 2010/11 had diversified their livelihoods 
through time, from a mean of 1.4 to 2.5 activities/person (t = 18.4, p < 0.01, d.f. = 207), 
with the vast majority (92.8 %, n = 193) reporting changes in the mix of livelihood 
activities they practiced over the five years. 
  
Amongst major livelihoods, the number of participants engaging in charcoal production 
(565.6 % rise, from 15.4 % in 2005/6 to 87.0 % in 2010/11; chi-squared = 213.6, p < 
0.01, d.f. = 2) and shifting cultivation (from 0.0 % in 2005/6 to 1.9 % in 2010/11; chi-
squared = 4.0, p< 0.05, d.f. = 2) rose significantly over time. Conversely, sedentary 
Table 8.2 Reasons cited by migrant charcoal producers (n = 126) encountered along 
Route Nationale 9 for migrating and selecting their current place of residence. Some 
participants provided multiple responses, therefore totals exceed 100 %. 
Reason for migrating % of  
respondents 
Reason for selecting current 
location 
% of  
respondents 
Family reasons 28.6 Family lives here 46.0 
Lack of work/activities 27.8 Availability of land 18.8 
Insecurity 16.7 Existence of good forest 18.3 
Extreme poverty/famine 11.9 Good fishing 7.1 
Lack of cultivable land 9.5 Existence of agricultural  
infrastructure 
5.4 
Drought/lack of rain 6.4 To trade 4.0 
Loss of agricultural 
infrastructure 
4.0 To work for foreigners 3.2 
Disappearance of forest 3.2 Looking for work 1.6 
Fleeing life of crime 1.6 To herd livestock 0.8 





Protected areas and changing livelihoods 
cultivation (12.8 % drop, from 71.1 % in 2005/6 to 62.0 % in 2010/11; chi-squared = 4.1, 
p < 0.05, d.f. = 2) and livestock rearing (79.1 % decline, from 11.5 % in 2005/6 to 2.4 % 
in 2010/11; chi-squared = 4.5, p < 0.05, d.f. = 2) declined significantly in the five years. 
Although livestock rearing decreased as a major livelihood, it showed significant 
increases as a minor livelihood activity (772.1 % growth, from 4.3 % in 2005/6 to 33.2 % 
in 2010/11; chi-squared = 56.0, p < 0.01, d.f. = 2). Charcoal production was the only 
other activity to grow as a minor livelihood (541.7 % rise, from 2.4 % in 2005/6 to 13.0 
% in 2010/11; chi-squared = 16.4, p < 0.01, d.f. = 2). 
  
Variation in these trends was further examined for migrants and residents separately 
(Table 8.3). Few differences were apparent between the two groups, although, between 
2005/6 and 2010/11, there were significant declines in the proportion of migrants 
engaging in sedentary cultivation and rearing livestock as major livelihoods that were not 
reflected in resident populations (chi-squared = 6.6, p < 0.01, d.f. = 2 and chi-squared = 
20.8, p < 0.01, d.f. = 2 respectively). 
 
Respondents cited a range of factors as having driven a shift in livelihood activities over 
the period investigated (Fig. 8.2), reporting a mean of 2.7 factors per individual. We 
grouped proximal causes into those that refer to the needs of the respondent and his 
household (which we term endogenous factors) and those that affected his ability to meet 
those needs (exogenous factors). Exogenous factors diminished the viability of some 
livelihood activities, particularly sedentary cultivation. Over two-thirds of participants (n 
= 134) stated that their shift to charcoal production was a consequence of lack of rain or a 
change in the rainy season, while 30.3 % (n = 63) cited the loss of irrigation infrastructure 
(dam and associated canals) south of the Manombo River. Similarly, 15.4 % (n = 32) of 
respondents referred to a decrease in fish/marine resources, and 7.7 % (n = 16) to growing 
rates of cattle theft, as factors that contributed to their adoption of charcoal production. 
Endogenous factors accounted for almost half (47.5 %) of the responses provided, with 
participants reporting rising living costs, having more children, and family problems as 
driving their increased needs for cash, and hence a shift in livelihoods. 
 
Over half of our study participants (52.4 %, n = 109) produce charcoal for only part of the 
year, during the agricultural off-season (generally March to August) when they are not 
occupied in their fields. Seven per cent (n = 14) produce charcoal whenever they need 
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money (including for celebrations such as Christmas and Independence Day, and 
emergencies), whereas the remaining 40.9 % (n = 85) do so throughout the year. 
 
Most participants stated that their lives were harder (58.7 %, n = 122) or just as hard (27.4 
%, n = 57) in 2010/11 as they had been five years previously, while 13.9 % (n = 29) 
stated that their lives had improved. When asked about the difficulties experienced with 
charcoal production as a livelihood, respondents provided a range of answers (mean = 2.3 
responses/person) reflecting the physical hardship, medical problems, shame and low 
revenues associated with the activity (Table 8.4). 
 
8.5 Discussion 
Following the observation that charcoal production had proliferated in southwest 
Madagascar and was causing increased forest degradation, particularly in and around the 
Ranobe PK32 protected area, we sought to understand the reasons why people where 
taking up this livelihood. Our findings suggest that charcoal production is a means of 
earning money when other preferred options are no longer viable or sufficiently 
productive. Fewer than one in five participants in our study had been producing charcoal 
in 2005/6, but a range of issues had either diminished the feasibility of pursuing 
Figure 8.2 Drivers of livelihood change between 2005/6 and 2010/11 cited by 
charcoal producers encountered along the Route Nationale 9, who had altered their 
revenue generating activities over the five year period (n = 193). Answers total 
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alternative revenue streams, such as sedentary cultivation (due to exogenous factors such 
as lack of infrastructure or drought), or had given them a need for supplemental income 
(driven by endogenous pressures including family problems and growing family size). 
The participants had not simply abandoned their livelihood activities from five years 
previously, rather they have diversified their sources of revenue in order to meet their 
increased monetary needs. In addition, charcoal production is a ‘gap-filler’ during the 
agricultural off season, and a relatively rapid way of generating cash when needed at short 
notice. As such, it can be characterised as a fallback activity or safety net (Sunderlin et al. 
2005). 
Table 8.4 Factors stated by respondents in a questionnaire survey along the Route 
Nationale 9 (n = 208) as contributing to the difficulty of their lives as charcoal pro-
ducers. Figures total more than 100 due to multiple responses per participant. KASTI 
are community agents of the State’s Forest Service. 




Work is very tiring 53.4 
The forest is further away than it was previously 39.4 
Lack of tools (e.g. axes) 31.7 
Lack of large trees 17.3 
Insecurity; have to guard kiln at night 16.8 
It is shameful work (prisoners’ work) 14.0 
Lack of transport (ox-cart) 13.0 
Work provokes respiratory illness 12.5 
Have to pay KASTI in Ranobe for ‘permit’ 7.7 
Have to stay in the forest for several weeks 6.7 
It is not profitable; the price of charcoal has diminished 6.7 
The whole family has to help with the work 5.8 
Lack of suitable trees; forced to use stumps/roots 4.3 
It is dangerous in the forest 1.9 
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This situation corresponds with many others described globally, where the rural poor turn 
to forest resource use in the absence of more favourable options for income generation 
(Vira and Kontoleon 2010) and as “employment of last resort” (Angelsen and Wunder 
2003). It occurs because the chronically poor tend to live disproportionately in remote 
rural areas neighbouring forests (Hulme and Shepherd 2003), and because forests are 
generally easy to access with few physical or technical barriers to prevent their 
exploitation (Sunderlin et al. 2005). For example, analyses of illegal logging in Indonesia 
have found that participation in the industry grew as a consequence of declining returns 
from agriculture (Angelsen and Resosudarmo 1999) and the rising need for cash within 
rural village communities (Yonariza and Webb 2007); households with fewer options to 
generate income were more likely to participate in logging (Byron and Arnold 1999). In 
Madagascar specifically, other ‘safety net’ livelihood activities include bushmeat hunting 
(Gardner and Davies 2014; Goodman 2006), wild yam collection (Ackermann 2003) and 
the use of forest products more broadly (Favre 1996). Forests also provide a reserve of 
potential agricultural land, albeit of poor quality in general, that may be converted to 
shifting cultivation, primarily by migrants fleeing drought or seeking cash to invest in 
cattle (Réau 2002; Scales 2014). 
 
Given the importance of charcoal production as a safety net, reducing the practice through 
rule enforcement (either by reducing the granting of permits or cracking down on 
charcoal produced without a permit) would probably exacerbate poverty. This would be 
incompatible with the objectives of the Madagascar protected area system (SAPM), 
which include both the conservation of biodiversity and the sustainable use of natural 
resources for poverty alleviation and local development (Gardner et al. 2013). 
Additionally, it would run counter to worldwide calls for conservation to, at very least, 
avoid worsening poverty among affected communities (Adams et al. 2004; Kaimowitz 
and Sheil 2007). Enforcement is also hampered by rampant corruption in natural resource 
extraction sectors (Randriamalala and Liu 2010) and a lack of political will. Indeed, 
attempts by the regional administration of Atsimo Andrefana to further regulate the 
charcoal sector in 2007 led to civil unrest in Toliara city and were rapidly withdrawn 
(Bertrand et al. 2010). Instigating a reversal in the trend towards increased participation in 
charcoal production within Ranobe PK32 will thus depend partly on reducing its 
attractiveness as a livelihood relative to potential alternatives. Theoretically, this can be 
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achieved by tackling the underlying factors that push charcoal producers into the industry, 
and our findings suggest several potential interventions worth exploring. 
 
Endogenous and exogenous factors were cited in approximately equal frequency as 
drivers of livelihood change. The primary exogenous factors raised by our respondents 
centred on the diminishing productivity of agriculture, due to a lack of rain and the loss of 
irrigation infrastructure in the north of the study area. Farmers have been forced to seek 
alternative sources of income due to the Manombo dam no longer being operational, and 
our survey suggests that restoring the dam and associated canals, a task which is currently 
being conducted by the African Development Bank, could lead to approximately 30% of 
questionnaire participants abandoning charcoal production to return to farming. Likewise, 
the establishment of climate-wise agricultural adaptation programmes, including the 
development and popularization of improved farming techniques and drought-resistant 
crops, would help mitigate the problems of low/unpredictable rainfall cited by the 
respondents. Undoubtedly, this will become increasingly pertinent in the future, with 
climate change expected to have a substantial negative impact on agricultural production 
in southern Madagascar (Thornton et al. 2011). Without such action, other ‘safety net’ 
forest uses such as shifting cultivation may become more prevalent, in addition to 
charcoal production. Similarly, interventions aimed at decreasing cattle theft by 
improving rural security, and improving the sustainability of marine resources through 
fisheries management, would help restore the viability of pastoralism and fishing as 
alternatives to charcoal production. 
 
Although the interventions listed above (‘distraction’ activities, Milner-Gulland and 
Rowcliffe 2007) could diminish the relative attractiveness of charcoal production as a 
livelihood, higher income arising from development gains could be invested in further 
charcoal production or other natural resource exploitation by beneficiaries. The 
interventions, therefore, must be accompanied by the enforcement of regulations or be 
made conditional on reductions in environmentally-damaging activities (Sievanen et al. 
2005; St John et al. 2013). Moreover, it is highly like that a decline in charcoal production 
in Ranobe PK32 would be offset by leakage (Ewers and Rodrigues 2008) so long as 
demand from the city remains constant, as the activity would just be displaced elsewhere. 
Decreasing production at a regional scale would thus require a drop in demand for 
charcoal from natural forests either directly (e.g. through the popularization of fuel-
efficient stoves, which has been widely promoted worldwide but with variable success 
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(Anenberg et al. 2013)), and/or indirectly through the introduction of an alternative 
supply (e.g. from fuelwood plantations or biomass briquettes). In this regard, it is worth 
noting that many of our respondents expressed a desire for woodlots or small plantations 
of fast-growing tree species to be established near their villages, although this was beyond 
the scope of our questionnaire. 
 
Endogenous drivers of increased charcoal production were also frequently raised by our 
study participants, including problems within their family that required cash, and their 
growing number of children. While we did not systematically probe into what constituted 
‘family problems’ in the final version of the questionnaire, findings from the pilot 
exercise indicated that this generally referred to either expensive medical emergencies or 
a death in the family or community. Funerals in southern Madagascar may consist of 
extremely lavish ceremonies, involving the construction of expensive tombs and the 
slaughter of many zebu cattle (Casse et al. 2005). Family members are expected to 
contribute cattle as gifts, and such expenses, often required at short-notice, may make up 
a large proportion of a household’s annual expenditure. While land-owners may sell a 
land parcel to generate the necessary funds (Blanc-Pamard 2004), charcoal production 
offers an opportunity to raise money relatively quickly for those lacking alternative assets. 
Considering that growing family size was cited as a factor pushing over a quarter of our 
sample towards charcoal production, the provision of family planning services could 
contribute to decreasing household expenditures and thus the pressure to practice 
environmentally destructive activities such as charcoal production to generate cash 
(Allendorf and Allendorf 2012; Harris et al. 2012).   . 
 
Approximately two thirds of the charcoal producers we surveyed were migrants to the 
southern RN9 area. Comparing the two social groups, we found no evidence that residents 
and migrants engage in a different mix of livelihoods, or that the recent growth in 
charcoal production has been driven by newcomers. Malagasy societies are dynamic, and 
migration to the forest frontier is a typical response to resource scarcity (Keller 2008). As 
such, numerous authors have remarked that migrant communities tend to engage in less 
sustainable resource-use practices than residents (e.g. Andriamalala and Gardner 2010; 
Horning 2003; Kaufmann and Tsirahamba 2006; Réau 2002). However, our findings do 
not support this observation. Furthermore, Bertrand et al. (2010) state that charcoal 
production in the Toliara region is tightly linked to migration dynamics because it is 
primarily produced as a secondary output from shifting cultivation; our data provide 
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evidence to the contrary, since less than 2% of our sample were also engaged in slash-and
-burn agriculture.   
 
Our research demonstrates that livelihood change around protected areas can be rapid, 
involve large numbers of people, and have multiple underlying causes. Given that it can 
have severe impacts on biodiversity, we suggest that protected area management planning 
should systematically include mechanisms to: i) detect; ii) understand; and, iii) mitigate/
adapt to livelihood change in order to minimise its potentially negative effects. The 
detection of change requires the implementation of a monitoring plan, which is already 
recognized as a fundamental component of a management plan (Phillips 2002; Thomas 
and Middleton 2003). Nonetheless, such monitoring systems in protected areas typically 
focus on biodiversity (e.g. densities of indicator/important species) and, therefore, expose 
only the outcome of changing resource use once it has occurred. Instead, more attention 
needs to be given to examining the socio-economic conditions being experienced within 
local communities, as well as understanding the factors that motivate shifts in behaviour, 
so appropriate management responses can be developed. Moreover, both protected area 
managers working across a region, and the funding bodies supporting their conservation 
efforts, need to be sufficiently flexible in order to rapidly implement new management 
strategies in response to substantive livelihood change. 
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This thesis has taken an interdisciplinary approach to a complex practical problem - how 
to integrate conservation and development in Madagascar’s rapidly-expanding protected 
area system. I have investigated what drives rural people to use natural resources from 
within new protected areas, and explored what happens to biodiversity when such use 
occurs. In addition, I have examined the establishment of new protected areas at a 
nationwide level to generate insights into important policy questions, including how we 
classify management approaches and their influence in poverty alleviation. Finally, I 
developed a simple but versatile index to enumerate the conservation value of species, 
which can be used to refine and add depth to site prioritisations and evaluations of 
community-level differences between habitats. Through the seven chapters I have made a 
range of contributions to current knowledge, enhancing the theory and practice of 
protected areas in Madagascar and worldwide. Below, I discuss the key findings in 
relation to two major themes concerning; i) whether conservation and development really 
can be reconciled in Madagascar’s multiple-use protected areas, and; ii) the role of 
conservation science in achieving these disparate goals. 
 
9.1 Reconciling conservation and development in new protected areas: 
can we have our cake and eat it? 
Madagascar’s Durban Vision has been a groundbreaking conservation opportunity. The 
lobbying of conservationists and funders bore huge dividends, the required political will 
was stimulated, and the necessary legal frameworks were created to expand the protected 
area system to cover most of the remaining natural habitat (Corson 2014). However, the 
vision was also extremely ambitious, seeking not only to conserve the country’s unique 
biodiversity and cultural heritage, but also to promote the sustainable use of natural 
resources from within the expanded protected area system to help alleviate poverty and 
improve the development potential of rural communities living within and around its 
constituent sites. Given that human impacts are the principal driver of biodiversity loss, 
both in Madagascar and around the world, these goals can be considered divergent at best, 




and used simultaneously? This thesis provides a range of insights into the feasibility and 
suitability of the Durban Vision programme, its multiple objectives, and models of 
implementation. 
 
The principal objective of Madagascar’s expanded protected area system, as it must be for 
all protected areas according to the IUCN definition, is to ensure the conservation of 
biodiversity. However, three of the chapters in this thesis cast doubt on the ability of 
multiple-use models to do so, at least in the Malagasy context. Chapter 3 investigated the 
appropriateness of multiple-use protected area categories to Madagascar on the basis of 
the people-nature interactions that characterise many new sites, and found that traditional 
land- and resource-use typically had negative effects that diminished the biodiversity that 
the protected areas were established to conserve. A literature review of the impacts of 
anthropogenic habitat change (Chapter 4) lent weight to this suggestion, finding that 
habitat changes resulting from forest use generally had negative impacts on biodiversity 
and, in particular, the more highly-specialised forest-dwelling endemics. In Chapter 6, I 
found that human livelihood activities permitted in new protected areas, such as charcoal 
production, cause habitat degradation that triggers changes in the composition of faunal 
communities. Once again, it is the endemic, habitat specialist component of the fauna that 
is disproportionally vulnerable and thus the overall conservation value of these sites is 
reduced. Examining the evidence across these chapters, it appears that multiple-use 
protected areas, in which the extractive use of natural resources is permitted, may be sub-
optimal from a pure biodiversity conservation point of view and potentially unable to 
conserve the full complement of Madagascar’s endemic biota into the future. This 
conclusion may be specific to Madagascar and other islands/ecosystems in which most 
species are forest specialists, since multiple-use protected areas in continents may 
conserve complementary communities (i.e. species adapted to more open habitats) to 
those maintained by stricter sites (Gardner et al. 2007). 
 
On the other hand, the establishment of protected areas is a political decision that must 
trade-off the needs of other stakeholders and competing land-uses (DeFries et al. 2004). 
Most remaining forests, wetlands and shallow seas in Madagascar are surrounded by 
human populations that depend, to varying extents and in differing ways, on the natural 
resources these areas provide for their subsistence and income. In Ranobe PK32, for 
example, hunting provides a supplement to people’s diets which increases in importance 
during times of scarcity, while charcoal production represents a gap-filler during the 
250 
Reconciling conservation and development 
in Madagascar’s protected areas  
agricultural off-season and safety net when other, non-forest activities are insufficiently 
productive (Chapters 7 and 8). Both help prevent local communities from slipping further 
into destitution. Thus, the establishment of strict protected areas in inhabited landscapes 
would result in diminished access to critical resources that would exacerbate poverty, an 
outcome that is unethical, politically unfeasible, and unacceptable to conservationists 
given worldwide calls, and policies, for protected areas to contribute to poverty 
alleviation. If protected areas are to be established in landscapes that are important to both 
conservation and the wellbeing of local people, multiple-use models may be the only 
available option. 
 
The Madagascar National Parks sub-network may be more valuable for the conservation 
of biodiversity than the Durban Vision generation of new protected areas, at least if the 
reptiles of western and southern Madagascar are indicative (Chapter 5). Furthermore, the 
relative importance of the strict protected areas may increase, if they are effectively 
managed, because multiple-use sites may harbour an extinction debt (Kuussaari et al. 
2009) that will see them fail to maintain populations of sensitive species as their habitats 
are further modified (see Chapters 4 and 6). Given that the promoters of new protected 
areas lack the necessary funds to ensure the effective management of their sites in the 
long-term (AGRECO 2012), and the fact that conservation goals can be best achieved by 
investing in the most important protected areas (Fuller et al. 2010), triage arguments 
(Bottrill et al. 2008) would suggest that scarce resources are preferentially invested in the 
MNP network. However, there is little evidence that Madagascar’s strict protected areas 
are effective at preventing deforestation (Allnutt et al. 2013; Whitehurst et al. 2009), 
logging (Patel 2007; Randriamalala and Liu 2010) or hunting (Garcia and Goodman 
2003; Golden et al. 2014). Furthermore, the pre-2003 network was insufficient to ensure 
coverage of all species (Chapter 5; Jenkins et al. 2014; Rasoavahiny et al. 2008), meaning 
that new protected areas had to be established if all of Madagascar’s endemic biota was to 
be conserved, in line with SAPM objectives. 
 
If, therefore, new protected areas should be created and follow multiple-use models, how 
can they be effectively managed to meet their divergent goals? The objectives of the 
expanded protected area system specify a mechanism – the sustainable use of natural 
resources. However, the existing literature calls into question the underlying premise and 
viability of such an approach. It is widely reported that a dependence on low-value natural 




Levang et al. 2005; Vira and Kontoleon 2010), while Sayer (2009) cautions that 
development is rarely achieved through marginal improvements in existing livelihoods, 
and that conservationists “should not focus on what the poor are doing now but on what 
they might do in future in growing economies”. Consequently, an understanding of how 
to capitalise on economic development opportunities is important in planning protected 
area management strategies. As illustrated by the case studies in Chapter 2, this depends 
partly on the available resource base. 
 
Resources such as fish and octopus are rapidly renewable, and highly responsive to 
management. Thus, the interests of conservationists and user communities are closely 
aligned, both benefitting from healthy, productive ecosystems. The key natural resources 
in terrestrial ecosystems, however, are trees and the soil itself (for cultivation), which are 
difficult to manage sustainably and profitably because they are slow to replenish and 
exploited destructively (Gardner et al. 2013; Pollini et al. 2014). Thus, while protected 
area managers in freshwater and marine ecosystems have concentrated on improved 
fisheries management to underpin development, the managers of terrestrial sites have 
sought to decouple development from natural resource use by promoting improved 
productivity and/or profitability of non-forest based activities, thereby reducing the 
relative attractiveness of destructive practices. Chapter 7 provides evidence that efforts to 
improve the revenues generated outside of forests, for example through the development 
of agricultural infrastructure, would reduce the attractiveness of livelihoods incompatible 
with conservation goals. Likewise, Chapter 8 suggests that development interventions 
aimed at reducing forest dependence would also serve to reduce the prevalence of 
hunting, which is carried out as a secondary activity alongside other types of forest use. 
 
Overall, multiple lines of reasoning indicate that the continued, unsustainable use of 
natural resources of low economic value will neither conserve biodiversity nor lead to 
rural development, at least in forest areas. Accordingly, it is unlikely to form a robust 
basis for the management of Madagascar’s new protected areas in the long-term. 
However, because such use is so vital to rural communities in the present, it must persist 
while appropriate development strategies for these sites are designed and implemented. 
Thus, the management focus on sustainable resource use should perhaps best be 
considered as a temporal bridge, a safety net for rural communities to use until 
development actions designed to reduce dependence on forest products are implemented 
and come to fruition. However, this vision for the new protected areas is not a policy goal 
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and does not appear to have been articulated in SAPM documentation. Rather, like 
protected areas worldwide, new protected areas in Madagascar have been conceived as 
static entities (Bengtsson et al. 2003; Folke et al. 2005; Mascia and Pailler 2012). The 
notion of individual protected areas evolving their management approaches through time 
in response to social change they themselves catalyse is not current, but may become a 
widespread in Madagascar as the Durban Vision protected areas mature. The complexity 
of the challenge facing managers is illustrated by the fact that protected areas of the type 
that characterise the new generation, in which activities that diminish their conservation 
values are nevertheless permitted (at least at early stages of implementation), are not even 
recognised by the IUCN’s category system (Gardner 2011). 
 
The successful management of the expanded protected area system in the long-term will 
depend on reconciling the divergent needs of varied stakeholders. It is a complex and high
-stakes responsibility, with the wellbeing of millions of people likely to be affected and 
the fates of thousands of species on the line. Achieving it will require both enormous 
investment and a robust evidence base derived from multiple fields of enquiry. This, in 
turn, will require conservation science to enhance its contribution to protected area 
management. 
 
9.2 Protected areas and conservation science: bridging the researcher-
practitioner divide 
Biodiversity conservation requires a robust evidence base if it is to be effective (Adams 
and Sandbrook 2013; Pulin and Knight 2009; Sutherland et al. 2004). However, many 
practitioners continue to be guided by anecdote, experience and intuition rather than 
empirical evidence (Cook et al. 2010, 2012; Laurance et al. 2012; Pullin and Knight 
2005; Pullin et al. 2004). Although the field of conservation science developed in order to 
provide a scientific foundation for biodiversity conservation (Meine et al. 2006), the 
majority of conservation research is of only limited use to practitioners (Knight et al. 
2008; Milner-Gulland et al. 2010, 2012; Whitten et al. 2001), and we know little about 
how to manage protected areas effectively (Cabeza 2013; Geldmann et al. 2013). This 








9.2.1 Interdisciplinary research is indispensible 
Although conservation science has been recognised as an interdisciplinary endeavour for 
many years (Dailly and Ehrlich 1999; Mascia et al. 2003), most research published in 
peer-reviewed conservation journals continues to be focused of ecological rather than 
social problems and phenomena (Fazey et al. 2005). This is despite the fact that our 
principal conservation strategy, protected areas, are human constructs created as part of 
complex social-ecological systems (Milner-Gulland 2012; Ostrom 2009). The success of 
protected areas therefore depends both on their acceptance by other stakeholders (Borrini-
Feyerabend 2002; Western 2001, although see Brockington 2004 for a counter-narrative) 
and their ability to buffer the species and ecosystems they harbour from the human 
activities and impacts that threaten them (Gaston et al. 2008a). This thesis has highlighted 
the need for protected area-related research to adopt social scientific tools and 
approaches, and focus on the human dimensions of management. 
 
Understanding human-nature interactions is fundamental to protected area management, 
since the outcomes of the relationship are a key determinant in deciding appropriate 
management categories (Chapter 3) and in developing poverty alleviation and 
development strategies (Chapter 2). Thus the specific approach of any protected area 
should not be determined until managers have sufficient understanding of the social 
context. However, the creation of protected areas tends to be decided from the top-down, 
and promoters may often have pre-conceived ideas of the models and strategies they 
intend to implement before conducting the necessary research (Corson 2014; Marie et al. 
2009). Although this tendency was known to contribute to the failings of integrated 
conservation and development projects a decade ago (Brown 2003; Wells and Mcshane 
2004), it remains persistent. 
 
While social scientific research is necessary for planning broad-brush management 
approaches, it is equally important in the development of specific actions on the ground. 
In particular, an understanding of the role played by forest-based livelihood activities in 
the lives of rural people can be used to design interventions to reduce the prevalence of 
destructive activities without imposing costs on the resource users in question. The 
research in Chapter 8, for example, suggested that restoration of irrigation infrastructure 
would permit around 30 % of sampled charcoal producers to return to their favoured 
livelihood of farming, an outcome that represents a clear win-win for both 
conservationists and the communities involved. Such research is fundamental if the 
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multiple goals of new protected areas are to be met, and is likely to become ever more 
important in future as rural communities adapt their livelihood portfolios to climate 
change (Bradley et al. 2012; Watson 2014). Lastly, the expansion of protected area 
monitoring protocols to incorporate social systems (e.g, indicators of livelihoods and/or 
natural resource use trends) could allow managers to detect and react to emerging threats 
at an early stage, rather than waiting until their impacts become apparent (cf. Caro et al. 
2013). Thus, both research and monitoring should expand to incorporate social systems. 
 
9.2.2 Management is hindered by a researcher-practitioner divide 
This thesis has taken an academic approach to a practical problem of managing protected 
areas. It is therefore no surprise that the researcher-practitioner divide emerged as a theme 
throughout the research, although it manifested itself in various ways. We know little 
about the factors that influence the success or otherwise of protected area management 
strategies in different contexts. Providing managers with the evidence base they need to 
develop appropriate and effective strategies will require a greater emphasis on problem-
solving research, and in particular a focus on local rather than global scale analyses 
(Gardner et al. 2013). Academic researchers, unfortunately, have different agendas and 
institutional incentives to protected area managers, and thus limited interest in producing 
the types of research that the latter need. Researchers are traditionally not rewarded for 
their contribution to conservation results (Arlettaz et al. 2010; Chapron and Arlettaz 
2008), rather they are judged on the academic impact of their work (although funding 
bodies are increasingly encouraging research with societal impact, for example the 
Research Excellent Framework carried out by the Higher Education Funding Council for 
England in 2014 was the first to assess the impact of research on ‘the economy, society, 
culture, public policy or services, health, the environment or quality of life, beyond 
academia’ (REF 2012). For research to be of high academic impact, however, it must 
demonstrate sufficient novelty or be global, rather than local, in scope (Cook et al. 2013; 
Hulme 2011; Meffe et al. 2006). Furthermore, researchers may be wary of investigating 
the messy complexities of practical conservation problems which do not fit into robust 
experimental designs, and more interested in developing and testing hypotheses that push 
the boundaries of knowledge than investigating real-world problems (Knight et al. 2008; 
Laurance et al. 2012; Putz and Zuidema 2008). Managers, on the other hand, must 
balance their information requirements with the need to act despite uncertainty (Cook et 




methods to generate viable data over elegant, sophisticated and innovative 
methodological designs and protocols (if they use an evidence base at all). 
 
In addition to aspects of scale and novelty, a further difference between practitioners and 
academic researchers lies in the types of question they tend to ask (Braunisch et al. 2012). 
Most research on bushmeat, for example, has been quantitative and focused on 
calculating extraction and/or consumption rates. While such studies inform us of the 
urgency of the problem and may be important in persuading stakeholders to act, they do 
not necessarily tell us much about how to reverse the observed trends. Understanding the 
drivers of hunting and bushmeat consumption, as with all forms of resource use, is 
essential for the development of management strategies, yet this is rarely the objective of 
published bushmeat research (Kümpel et al. 2009; Pailler et al. 2009). A similar 
phenomenon is widespread in conservation social science, which is characterised by a 
divide between research on conservation and research for conservation (Sandbrook et al. 
2013). Protected areas are fascinating social and political phenomena, often pitting 
powerful global forces against powerless rural resource users (Brockington 2004), and are 
therefore the focus of much anthropology and political ecology research (Agrawal and 
Ostrom 2006; Brosius 2006; West and Brockington 2006). While studies of the political 
processes and social impacts of conservation interventions can stimulate important self-
reflection by conservationists and contribute to improved practices, particularly if they are 
critical in approach, they are not designed to inform effective management. As 
highlighted in Chapter 8, social changes triggered by protected area creation have been 
the subject of much research (e.g. Brockington and Igoe 2006; Ghimire and Pimbert 
1997; Mascia and Claus 2008; Miller et al. 2012; Schmitz et al. 2012; West et al. 2006), 
but evolving livelihoods themselves can have a great impact on protected area 
effectiveness and this has attracted far less research attention.   
 
The researcher-practitioner divide is not a one-way street and managers themselves 
perpetuate it in various ways. For example, they fail to sufficiently share their experiences 
or engage researchers, and thus miss the opportunity to promote practitioner-relevant 
research agendas amongst those in a position to contribute to them (Fazey et al. 2006; 
Gardner 2014; Gardner et al. 2013; Sunderland et al. 2009). Moreover, practitioners do 
not always, or even often, incorporate research findings into their decision-making (Cook 
et al. 2010; Gossa et al. 2014; Matzek et al. 2014; Pullin and Knight 2005), at least in part 
because they cannot access it (less than 5% of conservation research is open-access; 
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Fuller et al. 2014) and because it is not available in synthesised, easily understandable 
form (Walsh et al. 2014). 
 
Beyond research findings, researchers also develop tools and techniques of great potential 
utility to practitioners. However, as in the case of systematic conservation planning 
software, these may be effectively beyond the reach of managers and decision-makers 
because they lack the necessary capacity and expertise (Bottrill and Pressey 2012; Gaston 
et al. 2008b; Smith et al. 2006). As a result, high-profile prioritisation exercises are often 
performed without a systematic basis or using only simple, heuristic methods (e.g. 
Schwitzer et al. 2013, 2014). This aspect of the divide can be bridged by promoting 
greater collaboration between researchers and practitioners (Knight et al. 2011; Smith et 
al. 2009), or by encouraging practitioners to adopt systematic approaches by developing 
more user-friendly methods, such as the conservation value index (CVI) tested in  
Chapter 5. 
 
Academic researchers, conservation practitioners, research institutions, NGOs, funders 
and publishers all have a role to play in bridging the researcher-practitioner divide and 
ensuring that conservation science contributes as much as possible to the maintenance of 
biodiversity. An important first step is for those at the forefront of conservation practice 
to collaborate with academics in order to develop appropriate research agendas and 
ensure that their information needs are known (Sutherland et al. 2009). Academic 
researchers have made great advances in this regard over recent years, contributing to 
several fields of conservation, but the science of protected area management lags behind. 
 
9.2.3 Reconciling conservation and development in new protected areas: a research 
agenda 
An increasing appreciation of the researcher-practitioner divide and its impacts on 
biodiversity has spurred a desire to more closely align research agendas with the needs of 
practitioners and policy-makers in recent years. The principal outputs of this surge of 
activity have been a range of high-profile research prioritisations, known as the “100 
questions exercises” (Cooke et al. 2010), which seek to generate lists of the research 
questions which, if answered, would make the greatest contributions to conserving 
biodiversity (Sutherland et al. 2011). They have been carried out for specific countries 
(e.g. the UK, Sutherland et al. 2006; USA, Fleischman et al. 2011; Canada, Rudd et al. 




economic sectors (Pretty et al. 2010), and to improve the science-policy interface 
(Sutherland et al. 2012). The most influential of the prioritisation exercises has been 
Sutherland et al. (2009), which generated a list of 100 questions most important to the 
conservation of global biodiversity. Astonishingly, however, the list included only four 
questions about protected areas, and not a single question about how they can be most 
effectively managed, even though they constitute our principal conservation strategy. The 
findings of this thesis suggest a number of research areas that may provide fruitful topics 
for investigation while contributing to the successful management of multiple-use 
protected areas in Madagascar and worldwide. 
 
Evaluating effectiveness of different interventions 
Successful protected area management requires an evidence-base, but we know little 
about the effectiveness of different management strategies and the conditions that affect 
their performance (Gardner et al. 2013; Geldmann et al. 2013). To better contextualise 
the size and importance of this knowledge gap, I propose a thought experiment. 
 
Imagine we are an organisation charged with conserving a patch of forest in a tropical 
developing country. The forest is biodiversity rich, but is also important to the human 
communities surrounding it, who destructively extract a variety of forest products and 
clear farmland around the edge. A range of approaches and interventions are open to us as 
managers. In terms of legal structures, we could lobby to install a strict protected area and 
invest in rule enforcement, or create a multiple-use site that could be co-managed by local 
communities. Alternatively, we could forego the protected area approach altogether and 
advocate recognition of local customary land tenure, in the hope that security in the form 
of land ownership encourages sustainable management (Deacon 1999; FAO 2002; 
Sunderlin 2005). In terms of actions, we could promote forest-based livelihoods 
programmes to improve returns from non-timber forest products, invest in ‘off-site’ 
activities (e.g. agricultural improvements) to reduce people’s dependence on forests 
altogether, or implement an incentive-based programme (such as direct payments) 
encouraging resource users to forego destructive activities. We could also invest in more 
indirect conservation strategies, such as family planning and education, in a bid to 
promote development and diminish future demand for forest resources. The key question 
for protected area managers is straightforward – ‘what works, and in what contexts’? 
Unfortunately, we know little about the costs and effectiveness of different conservation 
actions (Wilson et al. 2007). 
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A range of research approaches can contribute to filling this critical knowledge gap. 
Firstly, the increasing power of remote detection and sophistication of statistical analyses 
(e.g. matching techniques) permits global analyses that can answer these questions at a 
broad scale (e.g. Ferraro et al. 2011; Nelson and Chomitz 2011). In addition, managers 
themselves possess a store of valuable information on what works, and when. Although 
anecdotal in nature, this experiential knowledge can be a valuable information source if 
we expand our definitions of what constitutes ‘evidence’ and find ways to synthesise and 
communicate it (Adams and Sandbrook 2013; Fazey et al. 2006; Gardner 2014). Most 
importantly, however, protected area managers must adopt a more experimental approach 
to implementation, and systematically incorporate mechanisms to empirically evaluate the 
outcomes of their actions (Ferraro and Pattanayak 2006; Geldmann et al. 2013; 
Sutherland et al. 2013). This will require a change in mindset, and we must make efforts 
to learn from, rather than hide, failure (Cressey 2009; Sayer 2009). 
 
Minimising impacts and maximising ecological persistence 
Some human uses of natural resources have greater impacts on biodiversity than others 
(Barlow et al. 2007; Gardner 2009; Gardner et al. 2009). Thus, research is necessary to 
identify and design systems of resource use that ensure the sustainable generation of 
goods and services while minimising negative effects on biodiversity. Firstly, studies to 
inform the optimal spatial configuration of strict protected zones within multiple-use 
landscapes are necessary to ensure metapopulation persistence of key species and 
maintenance of evolutionary processes (Carroll et al. 2004; Chazdon et al. 2009). In 
addition, the impacts of harvesting may be minimised through the implementation of 
reduced-impact extraction systems. For such arrangements to be effective, we need to 
know which species are most and least resilient to high levels of offtake, and whether 
there are particular seasons/life-history stages where the impacts of harvesting can be 
minimised. Furthermore, there may be variation in impacts with regards to extraction 
method (e.g. selective or non-selective logging/trapping). Impacts on species may be non-
linear, thus it is important to identify thresholds if sustainable extraction quotas are to be 
set. 
 
Meeting the needs of multiple stakeholders 
Ensuring the long-term viability of protected areas requires that they generate benefits to 




goals such as development or poverty alleviation. As demonstrated in Chapters 7 and 8, 
research to understand the drivers of livelihood decision-making can inform the 
development of socially and ecologically appropriate strategies, and should be carried out 
to investigate all local livelihood practices that, if not managed, may threaten protected 
area integrity. 
 
Given that protected areas are threatened as much, in the long term, by processes 
occurring in their surrounding landscapes as by activities occurring within their 
boundaries (DeFries et al. 2005), managers should seek to implement actions that will 
diminish future pressures on their sites. This will require the development of sustainable 
land management programmes at a landscape scale, to ensure that local populations are 
able to meet their future needs without increasing dependence on natural resources. The 
required research must go well beyond traditional conservation science, incorporating 
elements of agronomy, development studies, socio-cultural systems and resource 
economics. In addition, it should be explicitly solutions-oriented and stakeholder-led or, 
at very least, highly participatory to ensure that recommendations are culturally and 
contextually appropriate. 
 
Negotiating trade-offs and prioritising interventions 
As unpalatable as the idea may be, we cannot conserve all of biodiversity given available 
resources and the competing needs of other stakeholders. Therefore, we must rethink our 
objectives and prioritise our interventions, and such processes must be informed by sound 
science. Mechanisms to negotiate trade-offs, both internally and with other stakeholders, 
must be further refined and mainstreamed (Hirsch et al. 2010; McShane et al. 2010). 
 
Madagascar’s expanded protected area system has multiple objectives, but management 
cannot be simultaneously optimised towards disparate goals. While biodiversity and socio
-economic targets may require that different types of intervention be prioritised, the goal 
of resilience to climate change may suggest another form of management altogether in 
future (Groves et al. 2012; Hannah 2008; Olson et al. 2009). Therefore, mechanisms and 
methods to help us reflect upon and elucidate our values as conservation actors, 
organisations and funders will be required if we are to systematically target our 
interventions towards robustly negotiated outcomes rather than vague notions of 
‘conserving biodiversity’. 
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Finally, we must ensure that we integrate the tools and approaches of conservation 
science as much as possible into the messy real-life world of conservation decision-
making. It could be argued that the Durban Vision was too ambitious, since some legally-
established protected areas receive no management due to insufficient resources. For 
instance, Ranobe PK32 has effectively been a paper park since 2013 due to the capricious 
nature of NGO funding cycles. Given substantial variation in the conservation value of 
Madagascar’s protected area estate (Chapter 5), conservation goals may have been better 
met by preferentially investing available resources in the most important sites, rather than 
seeking to create as many new protected areas as possible (Fuller et al. 2010). 
Conservationists must accept the reality of triage (Bottrill et al. 2008) and ensure that 
scientific tools, rather than personal or institutional values, are used to help navigate the 
difficult decisions that this will entail. High-profile, real-world decisions that determine 
which of Madagascar’s protected areas will receive funding are still being made without 
an adequate evidence base (Schwitzer et al. 2013, 2014), even when the necessary data 
and tools are readily available. That such decision-making occurs highlights the failure of 
conservation practice to make best use of the tools and knowledge available, and of 
conservation science to integrate itself into the mainstream of conservation action. 
 
9.3 Conclusions 
Madagascar’s biodiversity is immensely valuable, and so global society has invested 
hundreds of millions of dollars to ensure its conservation (Horning 2008). Over the last 
decade, these efforts have focused on tripling the coverage of the protected area system, 
but this has necessitated the development and implementation of new forms of protected 
area because the traditional, strict model would have been inappropriate in heavily-
populated landscapes. Most new sites have therefore been established as multiple-use 
protected areas that aim to conserve biodiversity and promote its use for poverty 
alleviation. My research has shown that meeting both objectives is ambitious, because 
most forms of natural resource use negatively affect endemic biodiversity. However, 
understanding the drivers of local livelihood strategies can help inform the design of 
ecologically- and socially-appropriate conservation strategies. Conservation science has 
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Site 
no. 










2 Namoroka NP Raselimanana 2008 2 11 
3 Andranomanintsy U Raselimanana 2008 1 6 
4 Kelifely U Rakotondravony and 
Goodman 2011 
1 7 
5 Ankara U Rakotondravony and 
Goodman 2011 
1 7 
6 Tsingy de Bemaraha NP ANGAP 2003; Raselimanana 
2008; Bora et al. 2010 
12 136 
7 Masoarivo U Raselimanana 2008 2 13 
8 Menabe Antimena NPA Bloxam et al. 1996a; 
Raselimanana 2008 
2 14 
9 Kirindy Mite NP Raselimanana 2008 4 28 
10 Makay U Rakotondravony and 
Goodman 2011 
2 16 
11 Berento U Rakotondravony and 
Goodman 2011 
1 7 
12 Nosy-Ambositra U Rakotondravony and 
Goodman 2011 
1 8 
13 Mikea NP Raselimanana 2004; 
Raselimanana 2008 
6 40 
14 Ranobe PK32 NPA D’Cruze and Sabel 2005; 
Thomas et al. 2006 
3 578 
15 Zombitse-Vohibasia NP Raxworthy et al. 1994; 
Goodman et al. 1997 
5 36 
16 Tsinjoriake NPA Raxworthy 1995 2 16 
17 Amoron’i Onilahy NPA D’Cruze et al. 2009 5 378 
18 Tsimanampetsotsa NP Goodman et al. 2002; 
Raselimanana 2008 
3 22 
19 Nord Ifotaka NPA Raselimanana 2008 1 6 
20 Anadabolava-
Betsimalaho 
NPA Raselimanana 2008 1 7 
Table A1.1 Sources of reptile inventory data for the 22 sites in the dry regions of 
Madagascar used as a case study system to compare four different site prioritisation 
protocols and Zonation. NP, national park; NPA, new protected area; U, unprotected. 
273 
Appendix 1 
Supplementary material for Chapter 5 
Site 
no. 






21 Behara-Tranomaro NPA Raselimanana 2008 1 7 
22 Andohahela Parcel 2 NP Nussbaum et al. 1999 1 8 
a Survey duration not known and therefore not accounted for in relevant column 
Table A1.2 Attribute scores assigned to 134 reptile species found across 22 sites in 
the dry regions of Madagascar, used to calculate the conservation value index (CVI).  
E, Endemism; R, Representation, C,  Hunting and collection, T, Degradation 
tolerance. 
Family and species E R E + R C T C+T CVI  
score 
GEKKONIDAE               
Blaesodactylus sakalava 3 1 4 1 5 6 24 
Ebenavia maintimainty 5 5 10 1 5 6 60 
Geckolepis maculata 2 4 6 1 3 4 24 
Geckolepis polylepis 4 4 8 1 5 6 48 
Geckolepis typica 3 1 4 1 5 6 24 
Hemidactylus mercatorius 1 1 2 1 1 2 4 
Lygodactylus heterurus 3 5 8 1 1 2 16 
Lygodactylus klemmeri 5 5 10 1 5 6 60 
Lygodactylus tolampyae 2 1 3 1 3 4 12 
Lygodactylus tuberosus 4 3 7 1 1 2 14 
Lygodactylus verticillatus 4 4 8 1 1 2 16 
Matoatoa brevipes 4 4 8 1 5 6 48 
Paragehyra petiti 5 5 10 1 5 6 60 
Paroedura androyensis 4 3 7 1 5 6 42 
Paroedura bastardi 3 1 4 1 3 4 16 
Paroedura homalorhina 4 5 9 1 5 6 54 
Paroedura karstophila 4 4 8 1 5 6 48 
Paroedura maingoka 5 5 10 1 3 4 40 
Paroedura oviceps 3 4 7 1 5 6 42 
Paroedura picta 3 2 5 1 1 2 10 
Paroedura stumpffi 3 4 7 1 3 4 28 
Paroedura tanjaka 4 4 8 1 3 4 32 
Paroedura vahiny 3 3 6 1 5 6 36 
Paroedura vazimba 4 5 9 1 5 6 54 
Phelsuma abbotti 1 4 5 3 1 4 20 
274 
Reconciling conservation and development 
in Madagascar’s protected areas  
Family and species E R E + R C T C+T CVI  
score 
Phelsuma borai 4 4 8 3 5 8 64 
Phelsuma breviceps 5 4 9 3 5 8 72 
Phelsuma dubia 1 5 6 3 1 4 24 
Phelsuma kochi 4 3 7 3 3 6 42 
Phelsuma lineata 2 5 7 3 3 6 42 
Phelsuma modesta 4 5 9 3 1 4 36 
Phelsuma mutabilis 3 1 4 3 1 4 16 
Phelsuma standingi 4 3 7 3 3 6 42 
Uroplatus ebenaui 3 4 7 3 5 8 56 
Uroplatus guentheri 4 4 8 3 5 8 64 
Uroplatus henkeli 4 5 9 3 5 8 72 
SCINCIDAE               
Cryptoblepharus boutonii 1 4 5 1 3 4 20 
Madascincus igneocaudatus 3 2 5 1 5 6 30 
Madascincus intermedius 2 3 5 1 5 6 30 
Pygomeles braconnieri 5 4 9 1 3 4 36 
Pygomeles petteri 5 5 10 1 5 6 60 
Sirenoscincus yamagishii 5 5 10 1 5 6 60 
Trachylepis aureopunctata 3 2 5 1 3 4 20 
Trachylepis dumasi 3 2 5 1 5 6 30 
Trachylepis elegans 2 1 3 1 1 2 6 
Trachylepis gravenhorstii 2 1 3 1 1 2 6 
Trachylepis tandrefana 4 4 8 1 3 4 32 
Trachylepis vato 2 3 5 1 3 4 20 
Trachylepis vezo 5 4 9 1 5 6 54 
Trachylepis volamenaloha 5 5 10 1 5 6 60 
Voeltzkowia fierinensis 4 4 8 1 5 6 48 
Voeltzkowia lineata 4 3 7 1 3 4 28 
Voeltzkowia mira 5 5 10 1 5 6 60 
Voeltzkowia petiti 5 4 9 1 5 6 54 
Voeltzkowia rubrocaudata 3 3 6 1 5 6 36 
GERRHOSAURIDAE               
Zonosaurus bemaraha 5 5 10 1 5 6 60 
Amphiglossus andranovahensis 4 4 8 1 5 6 48 
Amphiglossus ornaticeps 2 2 4 1 3 4 16 
Amphiglossus reticulatus 3 4 7 1 3 4 28 
Amphiglossus splendidus 2 5 7 1 5 6 42 
Androngo trivittatus 4 4 8 1 3 4 32 
Tracheloptychus madagascariensis 4 2 6 1 3 4 24 
Tracheloptychus petersi 5 4 9 1 5 6 54 
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Family and species E R E + R C T C+T CVI  
score 
Zonosaurus karsteni 3 3 6 1 3 4 24 
Zonosaurus laticaudatus 3 1 4 1 3 4 16 
Zonosaurus maramaintso 5 5 10 1 5 6 60 
Zonosaurus quadrilineatus 5 4 9 1 3 4 36 
Zonosaurus trilineatus 4 4 8 1 3 4 32 
CHAMAELEONIDAE               
Brookesia bonsi 5 5 10 3 5 8 80 
Brookesia brygooi 3 3 6 3 3 6 36 
Brookesia decaryi 5 5 10 3 5 8 80 
Brookesia exarmata 5 5 10 3 5 8 80 
Brookesia perarmata 5 5 10 3 5 8 80 
Furcifer angeli 4 4 8 3 3 6 48 
Furcifer oustaleti 2 2 4 1 1 2 8 
Furcifer rhinoceratus 4 5 9 3 5 8 72 
Furcifer verrucosus 3 2 5 1 1 2 10 
IGUANIDAE               
Chalarodon madagascariensis 2 2 4 1 1 2 8 
Oplurus cuvieri 1 3 4 1 3 4 16 
Oplurus cyclurus 2 2 4 1 3 4 16 
Oplurus fierinensis 5 4 9 1 3 4 36 
Oplurus quadrimaculatus 3 3 6 1 3 4 24 
Oplurus saxicola 4 3 7 1 3 4 28 
LAMPROPHIIDAE               
Alluaudina bellyi 3 5 8 1 5 6 48 
Compsophis albiventris 3 5 8 1 5 6 48 
Dromicodryas bernieri 2 1 3 1 1 2 6 
Dromicodryas quadrilineatus 2 4 6 1 1 2 12 
Heteroliodon lava 4 5 9 1 5 6 54 
Heteroliodon occipitalis 3 2 5 1 3 4 20 
Ithycyphus miniatus 3 4 7 1 5 6 42 
Ithycyphus oursi 3 3 6 1 5 6 36 
Langaha alluaudi 3 4 7 1 5 6 42 
Leioheterodon madagascariensis 2 2 4 1 3 4 16 
Furcifer antimena 5 4 9 3 3 6 54 
Furcifer belalandaensis 5 5 10 3 5 8 80 
Furcifer labordi 3 3 6 3 5 8 48 
Furcifer lateralis 2 2 4 1 1 2 8 
Furcifer nicosiai 4 5 9 3 5 8 72 
Langaha madagascariensis 2 2 4 1 3 4 16 
Leioheterodon geayi 3 2 5 1 3 4 20 
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Family and species E R E + R C T C+T CVI  
score 
Leioheterodon modesta 3 2 5 1 3 4 20 
Liophidium apperti 4 3 7 1 5 6 42 
Liophidium chabaudi 5 4 9 1 3 4 36 
Liophidium maintikibo 5 5 10 1 5 6 60 
Liophidium therezieni 3 5 8 1 5 6 48 
Liophidium torquatum 2 3 5 1 3 4 20 
Liophidium trilineatum 4 4 8 1 5 6 48 
Liophidium vaillanti 3 3 6 1 3 4 24 
Lycodryas citrinus 4 4 8 1 5 6 48 
Lycodryas granuliceps 3 5 8 1 3 4 32 
Lycodryas inornatus 4 5 9 1 5 6 54 
Lycodryas pseudogranuliceps 3 3 6 1 5 6 36 
Madagascarophis colubrinus 2 1 3 1 3 4 12 
Madagascarophis meridionalis 3 3 6 1 3 4 24 
Madagascarophis ocellatus 4 3 7 1 3 4 28 
Mimophis mahfalensis 2 1 3 1 1 2 6 
Phisalixella tulearensis 3 4 7 1 3 4 28 
Phisalixella variabilis 5 4 9 1 5 6 54 
Pseudoxyrhopus kely 3 5 8 1 5 6 48 
Pseudoxyrhopus quinquelineatus 2 3 5 1 5 6 30 
Thamnosophis lateralis 2 4 6 1 1 2 12 
Thamnosophis mavotenda 5 5 10 1 5 6 60 
BOIDAE               
Acrantophis dumerili 3 2 5 3 1 4 20 
Acrantophis madagascariensis 2 4 6 3 1 4 24 
Sanzinia madagascariensis 2 3 5 3 1 4 20 
TYPHLOPIDAE               
Typhlops arenarius 3 2 5 1 3 4 20 
Typhlops decorsei 3 3 6 1 3 4 24 
PODOCNEMIDIDAE               
Erymnochelys madagascariensis 4 4 8 5 5 10 80 
PELOMEDISUDAE               
Pelomedusa subrufa 1 2 3 3 3 6 18 
Pelusios castanoides 1 3 4 3 3 6 24 
TESTUDINIDAE               
Astrochelys radiata 4 3 7 5 5 10 70 
Pyxis arachnoides 4 3 7 5 5 10 70 
Pyxis planicauda 5 5 10 3 5 8 80 
CROCODYLIDAE               
Crocodylus niloticus 1 3 4 3 3 6 24 
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Table A1.3 The site prioritisation rankings according to the conservation value index 
(CVI) protocol, following sensitivity analyses where each of individual species 




(E) x 2 
Representation 





Tsingy de Bemaraha 1 1 1 1 1 
Ranobe PK32 2 2 2 2 2 
Ankarafantsika 3 3 3 3 3 
Mikea 4 4 4 4 4 
Tsimanampetsotsa 5 5 5 5 5 
Menabe Antimena 6 6 6 7 6 
Amoron'i Onilahy 7 7 7 6 7 
Tsinjoriake 8 8 8 8 8 
Namoroka 9 9 9 9 9 
Andranomanintsy 10 10 10 10 10 
Anadabolava-
Betsimalaho 
11 11 11 11 11 
Nosy-Ambositra 12 13 12 12 13 
Andohahela P2 13 12 15 14 12 
Zombitse-Vohibasia 14 14 13 13 14 
Masoarivo 15 15 14 15 15 
Kirindy Mite 16 16 17 16 16 
Ankara 17 17 16 17 17 
Kelifely 18 19 18 18 18 
Nord Ifotaka 19 18 20 19 19 
Makay 20 21 19 20 20 
Behara-Tranomaro 21 20 21 21 21 




0.927 0.916 0.932 0.922 0.921 
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Table A2.1 Protected areas in western and southern Madagascar used to assign 
representation scores for birds (n = 14) and reptiles (n = 15) in a Conservation Value 
Index (CVI). NPA = new protected area.  
Protected area Status Bird data sources Reptile data sources 
Ankarafantsika National Park Raherilalao and Wilmé 





Namoroka National Park Raherilalao and Wilmé 
2008 
Raselimanana 2008 
Tsingy de Bemaraha National Park Raherilalao and Wilmé 
2008 
ANGAP 2003; 
Raselimanana 2008; Bora 
et al. 2010 
Menabe Antimena NPA Raherilalao and Wilmé 
2008 
Bloxam et al. 1996; 
Raselimanana 2008 
Kirindy Mite National Park Raherilalao and Wilmé 
2008 
Raselimanana 2008 
Mikea National Park Raherilalao et al. 2004 Raselimanana 2004, 2008 
Ranobe PK32 NPA Gardner et al. 2009 D’Cruze and Sabel 2005; 
Thomas et al. 2006 
Zombitse-Vohibasia National Park Goodman et al. 1994; 
Langrand and Goodman 
1997 
Raxworthy et al. 1994; 
Goodman et al. 1997 
Tsinjoriake NPA - Raxworthy 1995 
Amoron’i Onilahy NPA Emmett et al. 2003 D’Cruze et al. 2009 
Tsimanampesotse National Park Goodman et al. 2002 Goodman et al. 2002; 
Raselimanana 2008 





NPA Raherilalao and Wilmé 
2008 
Raselimanana 2008 
Behara-Tranomaro NPA Raherilalao and Wilmé 
2008 
Raselimanana 2008 
Andohahela Parcel 2 National Park Hawkins and Goodman 
1999 
Nussbaum et al. 1999 
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Table A2.2 Relative frequency (RF) and relative abundance of bird species recorded 
in 48 point counts at three sites in Ranobe across a gradient of habitat degradation 
(represented by Low, Moderate and High). Chi-squared tests were used to test for 
heterogeneity of observed patters of relative frequency. * p < 0.05, ** p < 0.01. 
Low  Moderate  High  
ᵡ2 RF RA RF RA RF RA 
Aviceda madagascariensis     0.04 0.04     - 
Polyboroides radiatus 0.04 0.04 0.02 0.02     - 
Accipiter francesiae     0.08 0.08     - 
Buteo brachypterus     0.04 0.04     - 
Falco newtoni 0.10 0.10 0.08 0.08 0.23 0.23 4.99 
Falco zoniventris     0.04 0.04     - 
Falco concolor         0.17 0.17 - 
Falco peregrinus         0.02 0.02 - 
Numida meleagris         0.13 0.13 - 
Monias benschi 0.17 0.17 0.04 0.04 0.04 0.04 - 
Turnix nigricollis 0.10 0.10     0.60 0.65 55.52** 
Nesoenas picturata 0.35 0.44 0.44 0.48 0.10 0.10 13.79** 
Oena capensis 0.50 0.69 0.21 0.29 0.88 1.77 43.02** 
Treron australis         0.04 0.04   
Coracopsis vasa 0.17 0.17 0.17 0.17     9.00* 
Coracopsis nigra 0.10 0.10 0.25 0.25     14.54** 
Agapornis canus 0.13 0.13 0.13 0.13 0.38 0.40 12.13** 
Cuculus rochii 0.31 0.35 0.15 0.19 0.06 0.06 10.84 ** 
Species 
Coua cursor 0.15 0.17 0.04 0.04 0.06 0.06 - 
Coua ruficeps olivaceiceps 0.21 0.23 0.29 0.29     15.60** 
Coua cristata 0.65 1.15 0.56 0.67 0.40 0.46 6.25* 
Centropus toulou 0.46 0.52 0.46 0.63 0.65 0.81 4.46 
Caprimulgus madagascariensis 0.02 0.02         - 
Tachymarptis melba     0.02 0.02     - 
Apus barbatus 0.02 0.02 0.04 0.04     - 
Merops superciliosus 0.23 0.23 0.21 0.23 0.38 0.42 4.01 
Eurystomus glaucurus     0.02 0.02     - 
Upupa marginata 0.29 0.33 0.19 0.29 0.25 0.27 1.43 
Mirafra hova         0.13 0.15 - 
Copsychus albospecularis 0.58 0.75 0.56 0.69 0.42 0.46 3.17 
Phedina borbonica     0.02 0.02 0.02 0.02 - 
Thamnornis chloropetoides 0.15 0.15 0.13 0.13     - 
Hypsipetes madagascariensis 0.48 0.56 0.10 0.10 0.27 0.27 16.64** 
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Low  Moderate  High  
ᵡ2 RF RA RF RA RF RA 
Nesillas lantzii 0.06 0.06     0.02 0.02 - 
Newtonia brunneicauda 1.00 2.29 0.96 2.25 0.44 0.65 58.64** 
Newtonia archboldi 0.52 0.75 0.35 0.48 0.17 0.17 13.30** 
Cisticola cherina         0.88 1.54 118.59** 
Neomixis tenella 0.83 1.08 0.81 1.13 0.65 0.71 5.62 
Neomixis striatigula 0.58 0.83 0.81 1.23 0.29 0.33 26.58** 
Terpsiphone mutata 0.52 0.60 0.65 0.79 0.25 0.31 15.77** 
Nectarinia souimanga 0.96 2.13 1.00 2.17 0.73 0.98 21.88** 
Nectarinia notata     0.08 0.10 0.02 0.02 - 
Calicalicus madagascariensis 0.02 0.02 0.02 0.02     - 
Vanga curvirostris 0.48 0.54 0.29 0.29 0.04 0.04 23.42** 
Xenopirostris xenopirostris     0.02 0.02 0.15 0.15 - 
Falculea palliata 0.19 0.19 0.19 0.23     10.29 ** 
Artamella viridis 0.08 0.08 0.15 0.15     - 
Leptopterus chabert 0.13 0.13 0.10 0.10 0.21 0.21 2.34 
Dicrurus forficatus 0.92 1.67 0.69 0.92 0.73 0.94 8.28* 
Acridotheres tristis     0.02 0.02 0.58 0.98 65.37** 
Corvus albus         0.04 0.04 - 
Species 
Ploceus sakalava 0.02 0.02 0.44 0.44 0.15 0.17 27.29** 
Foudia madagascariensis 0.02 0.02 0.10 0.10 1.00 3.60 120.71** 
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Table A2.4 Subdivision of reptile community from Ranobe by primary foraging 
substrate, with total number of contacts (using pooled transect and pitfall trap data) at 
three sites across a gradient of degradation (represented by Low, Mod and High).  ** 






Low Mod High 
Terrestrial (14) 150 130 80 21.7** 
Leaf litter/
fossorial (9) 
28 49 18 15.8** 
Arboreal (9) 84 45 72 11.9** 
Chi-square  
Fig. A2.1 Individual-based rarefaction curves (black lines) and 95 % confidence 
intervals (grey shading) for birds surveyed in three treatments across a gradient of 
degradation at Ranobe, southwest Madagascar. Dashed line and mid-grey shading, 
low-intensity degradation; dotted line and light-grey shading, medium-intensity 
degradation; solid line and dark-grey shading, high-intensity degradation.   
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Fig. A2.2 Individual-based rarefaction curves (black lines) and 95 % confidence 
intervals (grey shading) for reptiles surveyed at three sites across a gradient of 
degradation at Ranobe, southwest Madagascar. Dashed line and mid-grey shading, 
low-intensity degradation; dotted line and light-grey shading, medium-intensity 
degradation; solid line and dark-grey shading, high-intensity degradation.   
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Supplementary materials for Chapter 8 
File A3.1 English translation of questionnaire administered to 208 charcoal 
producers along the Route Nationale 9, south-west Madagascar, between December 
2010 and June 2011. 
 
Research Questionnaire:  
Charcoal production and livelihood changes 
 
Interviewer:       Interview No. 
 
Interview location:      Date: 
 
How did you find this interviewer (find on sarety, in house etc): 
——————————— 
Excuse me, I am carrying out a survey about charcoal production in this area, and 
especially about the factors that lead people to become charcoal producers. To do this I 
am asking questions from many charcoal producers throughout this region, from 
Belalanda to Tsianisiha. Would you mind if I ask you a few questions? This will take 
about twenty minutes, and you will be offered 200 Ar for your time. 
 
Before we start, I would like to explain a little about my study. I will not ask you your 
name, so the results will be anonymous, and I ask you to answer the questions as honestly 
as possible. The answers you give will be used by a student for his personal research, and 
he may use the answers he collects to make recommendations to WWF about how to 
improve the charcoal industry and alternative development activities for the area. 
 
1 - Basic information 
 
Firstly, I would like to ask just a few general questions about your life. 
 
A – how old are you? 
       ——————————————————— 
 
B – how many children do you have? 
       ——————————————————— 
 
C – Have you ever been to school? (Yes/No) 
          ———————————————— 
 
D – [If yes] Between what ages did you go to school? 
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E – What ethnicity are you? 
        ——————————————————————— 
 
F – Where do you live? (village, commune) 
        ————————————————– 
 
G – How long have you been living in that place? 
         —————————————— 
 
[The following questions are asked only if the respondent has not been in the same 
location all his life] 
 
H – Where did you live before you lived at your present location (village, district, 
region) 
  ——————————————————————————————— 
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2 – Livelihood activities 
 
A - The next group of questions are about the activities that you carry out day to day to 
get food and money for yourself and your family. I am going to give a list of activities, 
and for each one I will ask you to tell me how important it is for you and your family as a 
source of income. I will ask you to give a score of 1-3 for each activity, depending on 
how important it is to you. 
 
1 – I never carry out this activity. 
2 – I sometimes carry out this activity, but not very often (for example once a week, or 
two months per year). It brings some revenue to my household but it is small compared to 
other activities. 
3 – I carry out this activity quite a lot (for example three days a week, or for six months a 
year). It is an important source of revenue for my household. 
 
 
Activity 1 2 3 
Farming (growing crops in sedentary fields)    
Hatsake (slash-and-burn agriculture)    
Keeping livestock (cattle, goats, sheep, pigs, chickens etc)    
Fishing and collecting marine products    
Hunting of wilds animals (Tandraka, tambotriky, lambo etc)    
Cutting wood in the forest and selling it    
Producing charcoal    
Collecting medicinal plants, yams, honey and other wild products     
Selling things (in market, owning a shop)    
Waged labour – i.e. a job    
Supported by other people (e.g. family members)    
Any other activities that are not on the list [please specify]:    
————————————————————————    
————————————————————————    
————————————————————————    
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B – Now I would like to ask the same question again, but about how important each 
activity was five years ago. This is because I would like to know if your life has changed 
in the last five years, or if is mainly the same. We will use the same scoring system as 
before, from 1-3. 
 
1 – I never carry out this activity. 
2 – I sometimes carry out this activity, but not very often (for example once a week, or 
two months per year). It brings some revenue to my household but it is small compared to 
other activities. 
3 – I carry out this activity quite a lot (for example three days a week, or for six months a 
year). It is an important source of revenue for my household. 
 
C – In summary, what do you think have been the major changes in your livelihood 




Activity 1 2 3 
Farming (growing crops in sedentary fields)    
Hatsake (slash-and-burn agriculture)    
Keeping livestock (cattle, goats, sheep, pigs, chickens etc)    
Fishing and collecting marine products    
Hunting of wilds animals (Tandraka, tambotriky, lambo etc)    
Cutting wood in the forest and selling it    
Producing charcoal    
Collecting medicinal plants, yams, honey and other wild products     
Selling things (in market, owning a shop)    
Waged labour – i.e. a job    
Supported by other people (e.g. family members)    
Any other activities that are not on the list [please specify]:    
————————————————————————    
————————————————————————    
————————————————————————    
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3 – Factors influencing change 
 
[Ask these questions only to respondents who have said that their livelihoods have 
changed]. 
 
You have mentioned that the mix of activities that you carry out today has changed since 
five years ago. Now I would like to know more about why your life has changed. In other 
words, I would like to know what has changed in your life, or in the world around you, 
that made you decide to change your activities. 
 
A - What are the reasons for the change in activities? 
         ——————————————
———————————————————————————————————— 
 
[If the respondent cannot give a clear answer, then you can try suggesting reasons. 
Factors might include:] 
 
- Lack of rain and increasing dryness 
- Life is harder/more expensive 
- Loss of agricultural land or infrastructure 
- Problems in life or in family needing a lot of money 
- Not enough fish to catch 
- Problems of insecurity/cattle theft 
 
4 – Charcoal production 
 
The next group of questions are specifically about charcoal production 
 




B – If you produce charcoal in some months, why is that? What do you do in the rest of 








D – What difficulties do you face in your life as a charcoal producer? 
———————————————————————————————————
——————————————————————————————————— 
6 – And finally 
 
A – Do you think that your life is harder or easier now than it was five years ago? i.e. is it 
harder or easier to find the money and food that you need? 
 
Easier   Harder    About the same 
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